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ABSTRACT

This dissertation comprises five chapters to describe genetics and genomics
education among physician assistant/associate (PA) students and practicing PAs. Chapter
I introduces the gap in supply and demand of genetic services, the need for non-genetics
healthcare providers to fill the gap, and the PA profession as a solution.
Chapter II is a rapid literature review that summarizes the available literature
regarding genetics and genomics education for PAs. A paucity of literature exists to
describe the current state of PA genetics-genomics education. The few studies retrieved
describe content being taught in PA programs, the number of genetics-genomics contact
hours PA students receive, and recommendations for continuing education programs.
Most of the available literature is outdated, however, leaving a need for more current
information to inform the education of genetic- and genomic-competent PAs.
Chapter III describes a PA program survey that assesses the current landscape of
genetics and genomics education in PA student training. Findings showed that each
responding program reported integrating some form of genetics and genomics into their
curriculum; however, no standardization existed between programs. The number of
contact hours was unchanged, and content was less dispersed throughout PA curricula
than reported in a similar 2007 survey. Although the field of medical genetics-genomics
has advanced significantly since the previous survey conducted 14 years ago, the
landscape of genetics-genomics education in PA student training has not.
Chapter IV describes a survey of practicing PAs to determine their genetics and
genomics knowledge, attitudes, and application in practice. Findings indicated that PAs
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do not feel adequately trained for genomic healthcare. PAs lack knowledge and
confidence in integrating genetics and genomics into the care of their patients; however,
PAs have a positive attitude towards genetics and genomics and want to improve their
knowledge and confidence through educational interventions.
Chapter V synthesizes the dissertation findings from Chapters II-IV. Limitations,
recommendations, and future research opportunities are described. The literature review,
PA program survey, and practicing PA survey revealed that PA students and practicing
PAs are not adequately trained for post-genomic healthcare. Through adequate training,
however, PAs can become genomic-competent providers and improve health outcomes.
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CHAPTER ONE
INTRODUCTION

Background
Genetics is the study of genes and heredity, while genomics is the study of all of a
person's genes (Winchester, 2020; Griffiths, 2018). Throughout human history, the field
of genetics-genomics has evolved considerably, bringing new science, knowledge,
technology, and interventions to humankind. From the well-controlled pea plant
experiments demonstrating heredity by Gregor Mendel in 1865 (Weiling, 1991) to the
discovery of the double helix by Watson and Crick in 1953 (Watson & Crick, 1974) to
the sequencing of genes by Frederick Sanger and colleagues in 1975 (Walker, 2014),
genetics-genomics techniques and technologies have continued to advance over time,
promising improvements in healthcare. Perhaps the most significant breakthrough in the
world of medical genetics-genomics was the completion of the Human Genome Project
(HGP).
Launching in October 1990, the HGP was an international effort intended to
sequence human DNA and map all of the genes in the human genome (Guyer & Collins,
1993). In February 2001, Lander et al. and Venter et al. published the initial draft of the
human genome, signaling the beginning of the genomics era of healthcare. The project
took 13 years and approximately $2.7 billion to complete (The Cost of Sequencing a
Human Genome, 2021). Upon completion in April 2003, approximately 20,500 genes in
the human genome were sequenced, generating a wealth of genetics-genomics knowledge
that could be translated into healthcare (What is the Human Genome Project?, 2018).
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This knowledge, along with associated advances in technology over the last 20 years, has
opened up new possibilities for the prevention, diagnosis, surveillance, management, and
treatment of various genetic diseases (Claussnitzer et al., 2020; What is the Human
Genome Project?, 2018). Additionally, knowledge gained from the HGP has created a
need for genetics-genomics literacy among all healthcare providers, regardless of
discipline or specialty (Guttmacher et al., 2007; Secretary’s Advisory Committee on
Genetics, Health, and Society [SACGHS], 2011).
Even before the completion of the HGP, the need to increase genetics-genomics
literacy among healthcare professionals was recognized (SACGHS, 2011). Anticipating
the wealth of knowledge that the HGP would provide, the National Coalition for Health
Professional Education in Genetics (NCHPEG) was created in 1996 to promote geneticsgenomics education for healthcare professionals (Jenkins et al., 2001). The NCHPEG was
a collaborative effort by the National Human Genome Research Institute, American
Medical Association, and American Nurses Association. Over 100 health-professional
organizations, including the American Academy of Physician Assistants (AAPA; now the
American Academy of Physician Associates), endorsed this endeavor (Rackover et al.,
2001). The NCHPEG established a set of core competencies expected of every healthcare
professional to apply genetics-genomics effectively in their practice (Jenkins et al., 2001).
The NCHPEG recommended that “all healthcare professionals should be able to: 1)
appreciate the limitations of their own genetic expertise, 2) understand the social and
psychological implications of genetic services, and 3) know how and when to make a
referral to a genetics professional” (Jenkins et al., 2001, p. 156). The NCHPEG ceased
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operations in 2013; however, the website, content, and other assets were acquired by The
Jackson Laboratory (The National Coalition for Health Professional Education in
Genetics (NCHPEG) closes, 2013).
Upon completion of the HGP, demand for genetic services increased.
Conventionally, medical geneticists and genetic counselors have provided genetic
services to patients; however, the anticipated genetics workforce is insufficient to meet
the escalating need for genetic services (Campion et al., 2019; Hoskovec et al., 2018;
Jenkins et al., 2021). A recent workforce survey of medical geneticists, performed by the
American College of Medical Genetics and Genomics, through the National Coordinating
Center for the Regional Genetics Networks, revealed a gap between genetic services
needed and workforce capacity (Jenkins et al., 2021). Additionally, Hoskovec et al.
(2018) conducted a workforce survey of genetic counselors and revealed that the supply
of genetic counselors would not meet the demand until between 2024 and 2030. With the
increasing demand for genetic services and a shortage of board-certified medical
geneticists and genetic counselors, non-genetic healthcare providers are needed to fill this
gap, translate genetic-genomic knowledge into clinical practice, and apply a genomic
approach to patient care (Campion et al., 2019; SACGHS, 2011). Physician
assistants/associates (PAs) can bridge the gap between supply and demand for genetic
services, but only if they are adequately trained in genetics-genomics (Campion et al.,
2019; Rackover et al., 2001; SACGHS, 2011).
PAs are licensed medical providers who practice medicine (What is a PA?, 2022).
Established in the mid-1960s, the PA profession was initially created due to a shortage of
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primary care physicians and the need to improve and expand healthcare in the United
States (U.S.) (History of the PA Profession, n.d.). The profession has evolved and PAs
can now practice in every medical setting and specialty. The PA practice model is
collaborative by design and currently PAs have shared practice arrangements with
collaborating/supervising physicians in most states (Campion et al., 2019; What is a PA?,
2022). Modeled after physician education, PAs are trained as generalists at the graduate
level (What is a PA?, 2021). A typical PA program is 27 months (three academic years)
in length, consisting of classroom instruction and more than 2,000 hours of clinical
rotations. Upon completing an accredited program, students are granted a Master’s
degree and must pass the Physician Assistant National Certification Exam to practice. In
order to maintain their certification, PAs must complete 100 hours of continuing medical
education every two years and pass the Physician Assistant National Recertification
Exam every ten years (What is a PA?, 2022). A PA’s scope of practice depends on his or
her specialty, level of experience, practice setting, and state of employment (Campion et
al., 2019; What is a PA?, 2022). Typically, PAs can obtain medical histories; perform
physical exams; discuss preventative measures; order and interpret labs and imaging;
diagnose and treat both acute and chronic conditions; prescribe medications; design
treatment plans; perform procedures; assist in surgery; and perform research (What is a
PA?, 2022). Generally, PAs can treat patients with significant autonomy within the
PA/physician relationship.
The rigorous medical training of PA education and the versatility and
collaborative nature of the PA profession make PAs an ideal healthcare provider to fill
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the need of the genetics workforce shortage. To do so, PAs must be adequately trained in
genetics-genomics. This dissertation was developed to analyze PA student training and
the knowledge, attitudes, and application of practicing PAs to determine whether PAs are
being adequately trained for post-genomic healthcare.
Overview of Chapters
This dissertation comprises five chapters to describe genetics-genomics education
among PA students and practicing PAs. Chapter I introduces the gap in supply and
demand of genetic services, the need for non-genetics healthcare providers to fill the gap,
and the PA profession as a solution. Chapters II, III, and IV represent three original
research manuscripts related to genetics-genomics training for PAs. Last, a conclusion
chapter is provided to summarize research findings and offer recommendations.
Chapter II (first manuscript) is entitled “Genetics and Genomics Education for
Physician Assistant Students: A Review of the Literature.” This manuscript aims to
answer the question: How are PAs being prepared for the new and evolving world of
medical genetics-genomics? A literature review was performed to critically analyze the
existing literature regarding genetics-genomics education for PA students to answer the
question. The information revealed by this literature review helps to identify
shortcomings in PA education and is valuable for educators responsible for embedding
genetics-genomics into PA curricula.
Chapter III (second manuscript) is entitled “The State of Genetics and Genomics
Education in U.S. Physician Assistant Programs.” This study aimed to assess the state of
genetics-genomics education in PA student training. A 25-question electronic survey was
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sent to all program directors from the Accreditation Review Commission on Education
for the Physician Assistant accredited programs. Study findings describe the current
landscape of PA genetics-genomics education in the U.S. and may inform curricular and
instructional planning.
Chapter IV (third manuscript) is entitled “Workforce Survey of Physician
Associates’ Genetic-Genomic Knowledge, Attitudes, and Application in Practice.” This
study aimed to survey practicing PAs’ genetics-genomics knowledge, attitudes, and
application in practice. A 25-question survey was emailed to the president or contact
person of each constituent organization of the AAPA with a request to email to their
members. All certified PAs in the U.S. were eligible to participate. Findings are useful in
planning general genetics-genomics continuing medical education (CME) for PAs and
CMEs that can be targeted to medical specialties.
Chapter V synthesizes the dissertation findings from Chapters II-IV. Limitations
of each research method are acknowledged and recommendations and implications for
future research are presented. The research associated with this dissertation identified a
paucity of available literature regarding genetics-genomics education for PAs and
acknowledged shortcomings in genetics-genomics education. There is a need to develop a
PA workforce competent to integrate genetics-genomics into the care they provide. Upon
appropriate training in genetics-genomics medicine, PAs can be utilized to augment the
genetics workforce and decrease the gap in supply and demand of genetics services.
Recommendations for future research include the development and implementation of a
medical genetics curriculum; production of CME; development and validation of an
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assessment tool to measure genetics-genomics knowledge; and utilization of the
Reporting Item Standards for Education and its Evaluation in Genomics standards to
plan, implement, evaluate, and report educational interventions (Nisselle et al., 2021).
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ABSTRACT
PURPOSE: To critically review the literature and determine what is known about
genetics-genomics education for physician assistants (PAs).
METHODS: A rapid review method was used to search CINAHL, MEDLINE,
PubMed, and Web of Science databases. The review is presented historically to describe
the development of genetics-genomics education in PA programs.
RESULTS: Of 594 publications retrieved, 11 articles met inclusion criteria. Retained
articles include an assessment of PA programs, genetics-genomics competencies,
educational efforts developed by PA programs regarding genetics-genomics, and
continuing education programs for PAs.
CONCLUSIONS: A paucity of published literature regarding genetics-genomics
education for PAs was found. The few studies retrieved describe content being taught in
PA programs, the number of genetics-genomics contact hours PA students receive, and
recommendations for continuing education programs. Most of the available literature is
outdated, however, leaving a need for more current information to inform the education
of genetic- and genomic-competent PAs. Recommendations for future research include
assessment of PA programs regarding genetics-genomics education; development and
validation of an assessment tool to measure genetics-genomics knowledge; and utilization
of the RISE2 Genomics standards to plan, implement, evaluate, and report educational
interventions. These recommendations are necessary to build an evidence base regarding
genomics education for PA students and practicing PAs.
Keywords: physician assistant, education, genetics, genomics
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INTRODUCTION
In October 1990, the Human Genome Project (HGP) was initiated to sequence
human DNA and map all of the genes in the human genome.1 The initial draft was
completed in February 2001, revealing a wealth of genetics-genomics information.2,3
Upon completion in April 2003, the HGP had mapped and sequenced approximately
20,500 genes in the human genome.4 This new knowledge, along with associated
advances in technology, opened up new possibilities for the prevention, diagnosis, and
management of various genetic disorders and created a need for genetics-genomics
literacy among all healthcare professionals, regardless of specialty.5,6 With increasing
demands for genetic services and a shortage of genetic professionals (geneticists and
genetic counselors), non-genetics healthcare professionals including physician assistants
(PAs) are needed to help translate new genetic knowledge into clinical practice.6 This
change requires PAs to be adequately trained in genetics-genomics in order to apply a
genomic approach to the care of their patients.
Even before the HGP was completed, a need was recognized to increase geneticsgenomics literacy among all healthcare professionals.5,6 To support the genetics
education of healthcare providers, the National Coalition for Health Professional
Education in Genetics (NCHPEG) was created in 1996 by the National Human Genome
Research Institute (NHGRI), the American Medical Association, and the American
Nurses Association.7 The NCHPEG represented an interdisciplinary effort to promote
genetics-genomics education for healthcare professionals in anticipation of knowledge
gained from the HGP. Members of the NCHPEG included over 100 health-professional
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organizations, including the American Academy of Physician Assistants (AAPA).7 In
2001, the NCHPEG published a set of core competencies8 expected of every healthcare
professional to apply genetics and genomics effectively in their practice. The
competencies reflected knowledge, skills, and attitudes necessary to provide care that
involves awareness of genetic issues and concerns. The NCHPEG recommended that “all
healthcare professionals should be able to: 1) appreciate the limitations of their own
genetic expertise, 2) understand the social and psychological implications of genetic
services, and 3) know how and when to make a referral to a genetics professional” (p.
156). Of note, the NCHPEG ceased operations in 2013.
In September 2006, the third edition of the Accreditation Review Commission on
Education for the Physician Assistant (ARC-PA) Standard came into effect.9 The ARCPA is the accrediting body of PA programs in the United States (U.S.) and serves to
protect the interests of both the public and the PA profession by defining standards for
PA education.10 The updated ARC-PA Standard, specifically section B2.02, required PA
programs to integrate genetics into their curricula.9 Previously, accreditation standards
did not require PA programs to address genetics. The 2006 standard required that
“instruction in the professional phase of the program must include instruction in […] (e)
the genetic and molecular mechanisms of health and disease.” The ARC-PA, however,
did not recommend specific content to be taught or how many hours should be taught.
The need for genetic- and genomic-competent providers raises a critical question
for the PA profession: How are PAs being prepared for the new and evolving world of
medical genetics-genomics? A literature review was conducted to explore existing
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literature regarding genetics-genomics education for PA students to answer this question.
Exploring the literature of genetics-genomics education for PAs will be helpful in
identifying any shortcomings in PA education and finding ideas for improvement. This
information will also be valuable for educators responsible for embedding geneticsgenomics into PA curricula. The review is presented historically, and the articles are
presented in chronological order.
METHODS
A rapid review method11 was selected to summarize the literature on geneticsgenomics education for PAs. Rapid reviews use systematic methods to assess what is
already known about a particular subject or issue. The literature search was intentionally
broad in an effort to return a comprehensive collection of all available literature on the
topic. Inclusion criteria were articles in English-language, peer-reviewed journals that
described genetics-genomics education for PAs. Publications that described geneticsgenomics education for healthcare providers other than PAs or were not retrievable by
full texts were excluded.
An electronic literature search was conducted in four databases—CINAHL,
MEDLINE, PubMed, and Web of Science. Search terms or MeSH terms included a
combination of: “physician assistant,” “genetics,” “genomics,” “education,” and
“curriculum.” The specific combinations used can be seen in Table 2.1. The searches
took place between September 1, 2020 and October 20, 2020. No restrictions to
publication dates were applied in order to encompass all of the available literature
involving genetics-genomics education for PAs. The titles and abstracts of manuscripts
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returned in the initial search were reviewed. The complete article search and selection
procedure are in Figure 2.1. The PRISMA 2009 Flow Diagram12 was used to summarize
the selection process.

Table 2.1: MeSH Terms Used for CINAHL, MEDLINE, PubMed, and Web of
Science
MeSH Terms
“physician assistant” AND

“physician assistant education” AND
“physician assistant curriculum” AND

Combinations
“genetics,” OR “genomics,” OR “genetics and genomics,”
OR “genetics education,” OR “genomics education,” OR
“genetics and genomics education,” OR “genetics
curriculum,” OR “genomics curriculum,” OR “genetics
and genomics curriculum”
“genetics,” OR “genomics,” OR “genetics and genomics”
“genetics,” OR “genomics,” OR “genetics and genomics”

RESULTS
The search yielded 594 articles. After removing duplicate articles, 399 articles
remained, and titles and abstracts were reviewed to determine the relevance to geneticsgenomics education for PAs. A total of 360 articles were removed based on exclusion
criteria. Altogether, 39 articles were fully reviewed, and 28 additional articles were
eliminated according to exclusion criteria (Figure 2.1). Of the reviewed articles, 11 met
the specific inclusion criteria for the review.
The 11 articles reviewed included commentaries regarding the integration of
genetics-genomics in PA curricula; articles describing the status of genetics-genomics
education in PA programs; curricular approaches for genetics-genomics in academic and
continuing education programs for PAs; and recommendations regarding genetics-
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Figure 2.1: Article Search and Selection Process

genomics competencies for healthcare professionals. To better reflect the historical
context of the reviewed articles, they are presented in chronological order. A complete
list of the articles discussed in this review is shown in Table 2.2.
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Table 2.2: Articles Included in the Review
Reference
Rackover et al7

Year
2001

Title
The need for genetic literacy in physician assistants

Wolpert14

2003

Rackover et al9

2006

LeLacheur et al15

2007

Rackover et al16

2007

Goldgar and Rackover18

2007

Goldgar and Rackover19

2008

Calzone et al21

2011

Roter et al22

2012

Goldgar et al24

2016

How to incorporate genetic thinking into your
practice
Genetic and molecular mechanisms of health and
disease
Evaluation of a genetics curriculum for physician
assistant students
Establishing essential physician assistant clinical
competencies guidelines for genetics and genomics
Current status of genetics education and needs
assessment of physician assistant programs: a
nationwide survey
Recommendations for a physician assistant medical
genetics curriculum
Establishment of the Genetic/Genomic Competency
Center for Education
Effects of online genetics education on physician
assistant interviewing skills
Physician Assistant Genomic Competencies

Campion et al26

2019

Genomic education for the next generation of
health-care providers

19

Journal
Perspective on Physician
Assistant Education
Journal of the American
Academy Physician Assistants
Journal of Physician Assistant
Education
Journal of Physician Assistant
Education
Journal of Physician Assistant
Education
Journal of Physician Assistant
Education

Type of Article
Commentary
Continuing Medical
Education
Accreditation Pearls
Brief Report
Brief Report
Communications

Journal of Physician Assistant Special Article
Education
Journal of Nursing Scholarship Clinical Scholarship
Journal of the American
Academy Physician Assistants
Journal of Physician Assistant
Education
Genetics in Medicine

Research Report
Special Article
Review Article

Chronology of PA Genetics-Genomics Education
In 2001, Rackover et al7 published a commentary describing the newly-developed
NCHPEG core competencies8 and the expected clinical applications of genetic research
and genetic testing for PAs in the Perspective on Physician Assistant Education (later
renamed the Journal of Physician Assistant Education, or JPAE). The authors argued that
PAs must be familiar with foundational genetic-genomic concepts and utilize the
concepts in practice. The authors also described an unpublished electronic survey
administered in October, 2000, to the 123 accredited PA programs in the United States.13
Fifty-four programs responded (response rate of 44%). The survey showed that 18%
(10/54) of represented programs included a genetics course in their curriculum with a
mean of 27 contact hours. The 82% (44/54) of programs that did not have a genetics
course in the curriculum reported a mean of five contact hours devoted to genetics.
In January 2003, a continuing medical education (CME) article by Wolpert14 was
published in the Journal of the American Academy of Physician Assistants (JAAPA) to
familiarize PAs with genetic applications in practice. The article offered
recommendations for practicing PAs, such as assuming all disorders have a genetic
component, focusing on family history, learning the genetics of common disorders,
identifying genetic health professionals in the area, and using clinical recommendations
to determine when to offer genetic testing. Emphasis was placed on primary care
providers learning to take a genetic family history and draw a pedigree. The author also
recommended and listed three web-based resources, two of which are still accessible
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today: the National Society of Genetic Counselors website and the Online Mendelian
Inheritance in Man database.
In 2006, Rackover et al9 reviewed the updated ARC-PA Standards (3rd edition),
specifically section B2.02, which required PA programs to integrate genetics into their
curricula. The authors also described how three different PA programs incorporated
genetics. One program incorporated genetics as a stand-alone course of ten lecture hours
on human genetics; another program combined a stand-alone course consisting of online
genetics modules with formally integrated content within core courses; and a third
program threaded genetics content throughout the didactic and clinical years. The authors
concluded there is no single best way to integrate genetics-genomics into PA curriculum,
but that each PA program should determine how to meet the ARC-PA Standard.
The following year, three articles were published in a single issue of JPAE related
to genetics-genomics education for PAs. The first article, by LeLacheur et al,15 described
a study to evaluate the introduction of a new genetics curriculum for PA students at the
George Washington University School of Medicine and Health Sciences (GWU). GWU
created a series of six lectures taught by a genetic counselor and medical geneticist as
well as a simulated clinic encounter using a standardized patient. During the simulation,
PA students elicited a family history, depicted it as a three-generation pedigree, and
provided genetic information to the patient. The students completed a needs assessment
survey as well as a pre-test and post-test. The results showed the new genetics curriculum
led to significant improvement in students’ knowledge and perceived understanding of
genetics and provided a model for expanding genetics-genomics curricula in PA
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programs. Of note, the pre/post-test was initially created for obstetrics and gynecology
residents and validated by genetics experts. It was not modified for the PA students.
The second 2007 JPAE article described a set of proposed genetics-genomics
competencies for PAs established by an ad hoc group. Rackover et al16 proposed
embedding 32 genetics-genomics specific competencies in PA education. The
competencies were offered as expectations of all PAs, regardless of role, clinical
specialty, or academic preparation. The authors wanted to use the genetics-genomics
competencies to encourage PA educators to select educational curricular content and
learning activities based on the most current genetics-genomics knowledge. The
competencies were divided into the areas of knowledge, skills, and attitudes, just as the
NCHPEG core competencies,8 and were designed to accompany the broader
Competencies for the Physician Assistant Profession.17
The third article from this JPAE issue described a nationwide survey to determine
the status of genetics education of PA programs and a needs assessment for developing
genetics-genomics curricula. Goldgar and Rackover18 conducted an online nationwide
survey of all accredited PA programs in February 2007. The survey included 18 multiplechoice, Likert scale, and open-ended questions. Of the 134 accredited PA programs, 100
programs responded (75% response rate). Approximately 18% of programs used a standalone genetics course as the predominant method of education, 37% incorporated
genetics-genomics as part of another course or few courses, 30% integrated geneticsgenomics into many courses throughout the curriculum, and the rest used problem-based
learning or other methods. Contact hours varied from zero to more than 30 hours, with
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two-thirds of programs reporting between 7 and 20 hours of content. This study
highlighted that 81% of programs expressed a need to improve the quality and amount of
genetics-genomics in their curricula, and 62% planned to implement changes. Although
one-third of programs were undecided on how to incorporate more genetics-genomics
content, other programs reported a variety of approaches, including inserting content into
designated courses, increasing the overall number of genetics contact hours, increasing
the number of assessment questions, and moving towards problem-based or case-based
learning. Overall, the survey findings revealed a consensus across PA programs that
genetics-genomics content in PA education is important and that additional resources are
needed to develop curricula further.
Following their 2007 study, Goldgar and Rackover19 proposed recommendations
for a PA medical genetics curriculum. Building on the NCHPEG core competencies8 and
the newly established Essential PA Clinical Competencies Guidelines for Genetics and
Genomics,16 the authors recommended PA educators prepare students with an appropriate
foundation of knowledge, skills, and attitudes to meet the demands of genomic medicine.
They suggested topical areas to include in molecular genetics foundational content and
proposed using various teaching and evaluation methods, including web-based learning,
didactic lectures, and clinical experiences. They also suggested online genetics resources
that clinicians and educators could use to further their genetics-genomics knowledge.
In 2010, the Genomic Healthcare Branch of the NHGRI established the Genetics/
Genomics Competency Center for Education (G2C2). G2C2 is an online interdisciplinary
resource toolkit providing a repository of genetics-genomics educational materials for
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providers and genetics educators.20 PAs, nurses, pharmacists, genetic counselors, and
physicians have separate sections on the G2C2 website with content mapped to their
respective competencies. Calzone et al21 reported findings from an online survey
regarding the usability of the G2C2 website, specifically for nursing and PA faculty. The
survey findings conclude that G2C2 can be useful for nursing and PA educators as a
resource for genetics-genomics education.
Roter et al22 conducted a randomized trial to assess the effect of an online
NCHPEG program on clinically applicable communication behaviors. The program,
known as Genetics in the Physician Assistant's Practice, was designed to educate
healthcare providers regarding their interviewing skills and ability to obtain a
comprehensive family history. The program emphasized essential concepts related to
collecting and interpreting a family history, recognizing ethical, legal, and social issues
associated with genetic disorders, and collaborating with genetics professionals. Forty
participants (18 in the intervention group and 22 in the control group) completed a
questionnaire and took part in a standardized patient session. The standardized patient
encounters were coded for comprehensiveness of family history, referral for genetic
services, and interviewing style using the Roter Interaction Analysis System. The study
showed that PAs who took the course obtained a more complete family cancer history but
did not make more genetics referrals based on family history, compared to the control
group. An unintended finding of the study was that PAs who completed the program
were less patient-centered. Of note, the program has been modified and is still available
at The Jackson Laboratory website.23
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In 2016, the Essential PA Clinical Competencies Guidelines for Genetics and
Genomics16 were revisited and updated to reflect advances in the field of medical
genetics-genomics. Specifically, Goldgar et al24 published an updated list of
competencies and learning outcomes to align with the six-domain professional
competency structure25 that the American Board of Medical Specialties and Accreditation
Council for Graduate Medical Education established for U.S. residency training. The four
PA professional organizations—the AAPA, the National Commission on Certification of
Physician Assistants, the ARC-PA, and the Physician Assistant Education Association—
previously adopted the six-domain professional competency structure in 2005.17 At that
time, medical education was shifting to place greater focus on outcomes and increased
emphasis on patient-centeredness and competency-based education.17 The competencies
were updated in 2016 to support increased genetic literacy among PAs by encompassing
recent changes in genomics, updating resources, and arranging the competencies to align
with medical education frameworks recently established across multiple disciplines. The
competencies were also written broadly to capture PA activities in the future, so they
would not become quickly outdated.
Finally, in 2019 Campion et al26 published a review describing current
educational efforts by multiple professions, including PAs, nurses, genetic counselors,
medical geneticists, and non-genetic physicians. The author of the PA section mentioned
the 2007 survey and needs assessment performed by Goldgar and Rackover18 regarding
genetics-genomics education in PA programs, the original genetics-genomics
competencies,16 and the updated PA genomic competencies.24 The review highlights PA

25

training and how PAs can work collaboratively with geneticists to provide high-quality
care and see more patients. Interestingly, the article noted that no postgraduate PA
training programs/fellowships for medical genetics exist like in other specialties of
medicine, but that such a program is conceivable.
DISCUSSION
The goal of this review was to answer a critical question for the PA profession:
How are PAs being prepared for the new and evolving world of medical geneticsgenomics? A rapid literature review11 was conducted, analyzing existing literature
concerning genetics-genomics education for PAs to answer this question. Of particular
interest were current or recommended practices regarding content, number of contact
hours, curricular or teaching approaches, and opportunities for continuing education for
PAs already in practice.
Unfortunately, little has been published to describe PA genetics education. The
most recent status and needs assessment18 that addressed content and the number of
contact hours was performed over 14 years ago when there were 134 PA programs, just
half the current number. PA education and the field of medical genetics-genomics have
changed profoundly during this time, calling for a new needs assessment to evaluate the
status of genetics-genomics education across the current 273 accredited PA programs in
the U.S.27 Of note, the ARC-PA Standards were updated in September 2020 (5th edition);
however, the very broad Standard B2.02 remains unchanged.28 Following their 2007
survey, Goldgar and Rackover19 proposed recommendations for a medical genetics
curriculum for PA programs, including topical areas for a molecular genetics foundation,
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teaching and evaluation methods, and online genetics resources. No subsequent report
was found to indicate whether that recommended medical genetics curriculum has been
implemented or evaluated in PA programs.
The 2016 Physician Assistant Genomic Competencies24 can aid PA educators in
developing a genetics-genomics curriculum. Rackover et al9 and LeLacheur et al15
provided examples of curricular approaches and described how different PA programs
integrated genetics-genomics into their curricula. The programs took different approaches
and each one could serve as a model for other programs; however, only one program
provided evidence of learning gains.15 Otherwise, the literature search turned up little to
help PA educators develop and implement curricular and teaching approaches in
genetics-genomics education. This paucity of information identifies a need for a broader
evidence base to inform the design, delivery, and evaluation of educational approaches.
The lack of reporting standards has led to a weak evidence base to help faculty
plan, implement, and evaluate genomic educational activities across health professions.
To provide a more robust evidence base, genomics educators have been called to apply a
standardized approach to plan and report genomics educational interventions using the
recently-developed Reporting Item Standards for Education and its Evaluation in
Genomics (RISE2 Genomics).29 RISE2 Genomics was developed by a group of
international genetics-genomics education experts in response to inconsistencies in
reporting educational interventions and their evaluations. Using a consensus approach,
the authors developed 31 standards for reporting educational interventions, making
evidence-based education more transparent, consistent, and comprehensive. Of the 31
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standards, 18 provide guidance on reporting the development and delivery of genomics
education interventions and 12 offer the evaluation of those interventions as well as how
stakeholders are identified and engaged.29 A standardized measure of genetics-genomics
learning outcomes would benefit PA programs, but none is currently available.
This literature review focused on preparing PAs during their academic education,
but there is also a critical need to educate the 140,000 PAs already in practice.30 To keep
pace with the rapidly evolving state of genomic healthcare, practicing PAs require
continuing education with the most up-to-date knowledge in genetics-genomics. A 2016
literature review31 evaluated and summarized genetics-genomics educational programs
for primary care health professionals and found only one publication regarding PAs,
which was Roter et al.22 The current literature search returned two CME modules
developed for practicing PAs. Wolpert14 familiarized PAs with genetic applications in
practice and Roter et al22 provided an online training program regarding interview skills
and obtaining a family history. Additional CME articles were identified during the
literature search but did not meet inclusion criteria. Most CME offerings are not
published and this review should not be used to make conclusions about the number of
CME opportunities available for practicing PAs. The search also returned a collection of
articles from the Genomics in PA Practice series published in JAAPA between 2009 and
2012 that did not meet inclusion criteria. (That series is briefly described below.)
Campion et al26 mentioned two ways practicing PAs may receive additional
training. The first is an NIH-sponsored program32 for PAs, nurses, physicians, and
genetic counselors seeking additional genetics training in genomic cancer risk
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assessment. The second is a Special Interest Group (SIG) sponsored by AAPA known as
the Society of Physician Assistants in Genetics and Genomics (SPAGG).33 The SIG
exists for PAs practicing in the field of medical genetics and provides CME
opportunities. Additionally, the authors call for a survey of practicing PAs across
specialties regarding their use of genomics in practice.
Overall, the overarching question of how PAs are being prepared for the new and
evolving world of medical genetics-genomics was not answered by this review. Little
information about the current state of PA genetics-genomics education or the design,
implementation, or evaluation of educational interventions has been published. Many of
the articles reviewed were published more than ten years ago. The field of medical
genetics-genomics is continuously evolving, and PA education must evolve with it. There
is a need for PA educators to share their evidence-based educational offerings in the
literature using published reporting standards, such as RISE2 Genomics.
Genomics in PA Practice Series
Although most articles that provided genetic-genomic continuing education credit
did not meet inclusion criteria for the literature review, it is of interest that JAAPA
published a series of articles entitled Genomics in PA Practice (although the first two
articles were called Genetics in Medicine). In total, 19 articles were published bi-monthly
between January 2009 and May 2012, except for two months. Goals for the series were to
demonstrate the clinical relevance of genetics-genomics in different specialties, present
real-world applications of genetics-genomics in practice, and emphasize fundamental
genetic concepts and principles.34 A complete list of the articles can be seen in Table 2.3.
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Table 2.3: Genomics in PA Practice published in the Journal of the American Academy of Physician Assistants
Month/Year
Title
Summary
January 2009*
Get ready for the brave new world of
Initial article of the series introducing the relevance of genetics in
genetic medicine
PA practice
March 2009*
A genome's home: genomics and health
The medical home may be potentially affected by low-cost, fullcare reform
genome sequencing information: 1) newborn screening; 2)
pharmacotherapy; 3) reproductive counseling; and 4) disease risk
management
May 2009
The role of genetic assessment in
Briefly discusses the importance of identifying and managing
determining a patient's disease risk
patients at an increased risk for hereditary cancer
July 2009
Pharmacogenetics: what PAs need to
A brief review of pharmacogenetics with examples such as the
understand and why
cytochrome P-450 (CYP450) system
September 2009 What PAs should know before they refer
When to refer a patient to a genetic counselor can depend on a
patients to a genetic counselor
clinician’s understanding of the disease, the resources available to
the clinician, and the geographical accessibility of the genetic
counselor
November 2009 Helping your patients to deal with a
It is important to consider the psychological as well as the medical
predisposition to genetic disease
implications with hereditary disease risk for patients and make
appropriate referrals to a psychologist or psychiatrist, as needed
January 2010
The role of genetics in understanding
The study of genetic variation is vital in unraveling all the causes of
racial and ethnic health disparities
health disparities; only with a better understanding of all the
determinants of health will we truly have personalized medicine
March 2010
The genetics encounter: different from the Discusses the genetics encounter, including an extensive medical
typical clinic visit
history, complete physical exam, detailed family history, ordering
genetic testing, and educating the families as needed
May 2010
Moving beyond the basics: teaching the
Argues that in genetics education, complex/multifactorial traits
genetics of complex traits
should be taught before Mendelian traits since complex traits are
more common

30

34

35

36

37

38

39

40

41

42

July 2010

GINA: what PAs need to know to protect
patients and their families

September 2010 N/A
November 2010 Rare conditions: where do primary care
and genetic diseases intersect?
January 2011
March 2011

Mystery solved: the evolution of
diagnostic abilities in genetic testing
Neurofibromatosis, type 1 (von
Recklinghausen disease)

May 2011

Familial dilated cardiomyopathy

July 2011

Lynch syndrome

September 2011 Preimplantation genetic diagnosis

November 2011

N/A

A review of GINA: Genetic Information Nondiscrimination Act,
which protects against genetic discrimination with health insurance
and prohibits employers from using genetic information to make
decisions about hiring, firing, or promotion
N/A
Discusses the role of the primary care provider caring for patients
with a genetic disorder, such as obtaining a family history, caring
for the patient, and educating the patient
Discusses the diagnostic journey of a patient that ended with using a
chromosomal microarray analysis
An overview of neurofibromatosis, type 1 (NF1), which is an
autosomal dominant multisystem disorder characterized by multiple
café au lait spots, axillary and inguinal freckling, cutaneous
neurofibromas, and Lisch nodules
An overview of familial dilated cardiomyopathy (FDC), which is a
broad category of conditions in which the heart muscle enlarges and
causes a decrease in left ventricular systolic dysfunction (EF <50%)
that frequently leads to heart failure
An overview of Lynch syndrome (formerly hereditary nonpolyposis colorectal cancer or HNPCC), which is an autosomal
dominant disorder that predisposes a patient to an increased risk of
colorectal, endometrial, gastric, ovarian, and other cancers
Discusses preimplantation genetic diagnosis, which is an assisted
reproductive technology that evaluates embryos for genetic
conditions prior to implantation to reduce the risk of a genetic
disease being passed to an embryo
N/A
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43

44

45

46

47

48

49

January 2012

Chromosomal microarray testing

A chromosomal microarray is a genetic test that allows for genomewide detection of copy number gains (duplications of genetic
material) and losses (deletions of genetic material)
March 2012
Hereditary breast and ovarian cancer
An overview of hereditary and ovarian cancer specifically related to
mutations in the BRCA1 and BRCA2 genes
May 2012
Parkinson disease
Discusses the genetics and predisposition of hereditary Parkinson
disease
*The first two issues were called Genetics in Medicine instead of Genomics in PA Practice

32

50

51

52

Limitations
The rapid review approach taken for this study may be perceived as a limitation,
particularly compared to a traditional systematic review. The rapid review method was
considered to be more appropriate, however, due to the historical nature of the review and
to limit the use of grey literature.11 Another limitation is the small number of relevant
publications regarding genetics-genomics education for PAs, meaning the literature
review findings may need to be viewed cautiously. The small number of articles, on the
other hand, is due to few people reporting on the current state of genetics-genomics
education for PAs and indicates the need for more dissemination regarding critical issues
in PA education.

Conclusion
This rapid review summarizes the available literature regarding geneticsgenomics education for PAs as well as the historical development of genetics-genomics
in PA education. The overarching question, however, remains unanswered: How are PAs
being prepared for the new and evolving world of medical genetics-genomics? A critical
challenge to genetics-genomics education for PAs and other healthcare providers is the
need for frequent assessment, evaluation, and modernization required in this rapidly
changing field. It is time for PAs to update the available literature to keep up with the
changes in medical genetics-genomics.
Future studies are needed, including an up-to-date needs assessment and an
evaluation of current genetics-genomics curricula in PA programs to determine
compliance with the ARC-PA Standard B2.02, the recommended medical genetics
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curriculum, or the Physician Assistant Genomic Competencies. Such a study would
represent a gap analysis regarding what is being taught versus what should be taught and
may inform genetics curriculum development and delivery in PA programs. Based on
that gap analysis, current, evidence-based recommendations could be made and applied
to create new and improved educational programs and curricular approaches for PA
students as well as CMEs for practicing PAs. It will also be of interest to see if PA
programs’ genetics-genomics curricula have changed over time, given the standard has
not changed in 16 years.
PA educators who are implementing genetics-genomics educational interventions
should use the RISE2 Genomics standards to plan their interventions and collect data to
report in a way that can contribute to the evidence base. Additionally, a valid and reliable
tool is needed to measure genetics-genomics knowledge among PA students to provide a
measure of learning needs pre-instruction and a measure of learning gains postinstruction. Finally, JAAPA or JPAE could reinstate or create a series similar to the
Genomics in PA Practice series to further educate PAs on specific and more up-to-date
genetics-genomics topics.
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ABSTRACT
PURPOSE: This study aimed to assess the current landscape of genetics-genomics
education in physician assistant/associate (PA) student training.
METHODS: A 25-question electronic survey was emailed to program directors of the
273 accredited PA programs. Questions represented PA program demographics and four
domains: curricular characteristics and perceived adequacy; content; curricular
approaches and instructional methods; and intent, barriers, and perceived needs for an
optimal curriculum.
RESULTS: A total of 115 PA program representatives (42%) returned the survey. More
than two-thirds of responding programs do not require a prerequisite genetics course for
matriculation. Most of the programs (48%) include 1-10 contact hours of geneticsgenomics content and utilize various content delivery methods and approaches. The
majority of programs (67%) utilize PA program faculty to teach genetics-genomics as
part of one course or many courses throughout the curriculum (85%) using didactic
lectures (97%). The most significant barrier to developing an optimal curriculum is an
already overloaded curriculum (71%). PA educators welcome supportive resources, such
as genetic case studies (96%).
CONCLUSIONS: Study findings elucidate the current state of genetics-genomics
education in PA programs. Every responding program reports that genetics-genomics is
integrated into their curriculum; however, no standardization exists between programs.
Although medical genetics-genomics has changed and advanced rapidly since a similar
survey was conducted 14 years ago, the number of contact hours is unchanged and
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genetics-genomics content is less dispersed throughout PA curricula. In order to create
genetic- and genomic-competent PAs, education must evolve to stay current with
ongoing advancements in genomic science.

Keywords: physician assistant/associate, education, curriculum, genetics, genomics
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INTRODUCTION
The completion of the Human Genome Project in April 2003 generated a wealth
of genetics-genomics knowledge leading to new promises for the prevention, diagnosis,
and management of various genetic disorders.1 This knowledge, accompanied by
advancements in technology, has generated the need for genetics-genomics literacy
among all healthcare professionals, including physician assistants/associates (PAs).1,2 In
2019, the American College of Medical Genetics and Genomics, through the National
Coordinating Center for the Regional Genetics Networks, conducted a medical genetics
workforce survey for medical geneticists.3 Survey findings revealed a gap between
genetic services needed and workforce capacity. Historically, medical geneticists and
genetic counselors have provided genetic services; however, the projected genetics
workforce is insufficient to meet the escalating need for genetic services.3,4 Non-genetics
healthcare professionals, including PAs, can help fill the gap, but this requires PAs to be
adequately trained in genetics-genomics.4,5
Anticipating this need, in September 2006, the Accreditation Review Commission
on Education for Physician Assistants (ARC-PA) updated the accreditation standards
(third edition) and required every PA program to integrate genetics into its curricula.6 The
ARC-PA Standard, specifically section B2.02, required programs to include “instruction
in […] (e) the genetic and molecular mechanisms of health and disease.” The following
year, an ad hoc group proposed a set of genetics-genomics competencies aimed toward
all PAs, regardless of medical specialty, to encourage PA educators to embed curricular
content and learning activities based on current disciplinary genetics-genomics
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knowledge.7 The competencies were revised in 2016 to encompass changes in genomics,
provide up-to-date resources, and align more closely with medical education frameworks.
The current competencies are known as the Physician Assistant Genomic Competencies.8
In 2007, just months after ARC-PA created the new Standard, Goldgar and
Rackover9 conducted a nationwide survey of program directors to determine the status of
genetics education of the 134 PA programs accredited at the time. The survey was
designed to assess how much genetics was taught in PA programs, what content was
covered and how it was delivered, what gaps existed, and the needs of PA faculty for
developing genetics curricula. The response rate was 75%. The number of contact hours
ranged from zero to more than 30 hours, with nearly half (46%) of PA programs spending
0-10 hours teaching genetics-genomics. Various genetics concepts were taught, but the
authors were surprised that some significant concepts, such as pedigree structure,
molecular biology, Mendelian and non-Mendelian inheritance, and genetic diagnostic
testing, were not taught in 12-16% of PA programs. Additionally, pharmacogenomics
was not taught in one-third of the programs. Delivery methods and curricular models
varied, with 21% of programs providing a stand-alone genetics course, 73% integrating
genetics as part of a course or a few courses, and 62% integrating genetics into many
courses throughout the curriculum. PA program faculty taught most content. Of interest,
81% of respondents expressed a need to improve the quality and quantity of instruction
regarding the genetic and molecular mechanisms of health and disease in their curricula,
and 62% reported they planned to execute changes. Last, faculty identified a need for up-
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to-date resources for educators and students, genetic case studies, and centrally developed
resources to develop an adequate genetics curriculum.
Recently, Patterson and Ward5 conducted a literature review to explore how PA
students are being prepared for the new and evolving world of medical geneticsgenomics. The authors concluded that published literature regarding genetics-genomics
education for PAs is sparse. Additionally, PA education and medical genetics-genomics
have changed considerably since the previous needs assessment, and the number of PA
programs have doubled, warranting a new needs assessment to evaluate the state of
genetics-genomics education for the current 273 ARC-PA accredited programs.10
Interestingly, the ARC-PA Standards were updated in March 2021 (fifth edition with
modifications), but Standard B2.02 remains unchanged,11 despite 14 years of rapidlyadvancing science. Deficiencies in genetics-genomics education are not unique to PA
programs; rather, inadequate genetics-genomics education has also been reported in other
healthcare disciplines, such as medicine12,13 and nursing.14 These deficiencies are
concerning as they indicate healthcare providers are not being prepared to apply a
genomic approach to patient care.
The purpose of this study was to assess the current landscape of geneticsgenomics education in PA student training, including how PA programs address the
ARC-PA Standard B2.02. Findings will describe the current state of PA geneticsgenomics education in the U.S. and may inform curricular and instructional planning.
METHODS
Recruitment
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All program directors from ARC-PA accredited PA programs in the U.S. as of
June 2021 were invited to participate. Data from the ARC-PA directory10 was used to
identify 273 accredited programs. New, provisional, and probationary programs were
included if the program had students enrolled at the time of the survey. Email requests
were sent directly to PA program directors using email addresses obtained from the PA
program’s website or the Physician Assistant Education Association (PAEA) program
directory.15 Program directors were asked to complete the survey or forward the survey to
a faculty member familiar with the genetics-genomics content in their program.
Research Design
The study was descriptive and cross-sectional. The survey consisted of 25
questions about PA program characteristics and genetics-genomics curricular
characteristics and perceived adequacy; content; curricular approaches and instructional
methods; and intent, barriers, and perceived needs for an optimal curriculum. The survey
was comprised of multiple-choice, Likert scale (scale 1-4) and open-ended questions
(Supplemental Document 1). Sixteen questions were adapted and modified with
permission from the previous survey of Goldgar and Rackover.9 Items were mapped to
survey domains and reviewed by the study authors—a genetics PA and educator, a
genetics education expert, and three nurse practitioner educators with expertise in
genetics and/or survey development. The team reviewed the survey instrument for face
and content validity, and revisions were made based on their expert feedback.
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The Clemson University Institutional Review Board granted the study exempt
status. Consent was obtained at the initiation of the survey, and responses were
confidential.
Data Collection and Analysis
The 25-question electronic survey was administered via Qualtrics® survey
software from late August to early-October 2021. Every two weeks, a reminder email
was sent to program directors who had not completed the survey; three reminders were
sent. Survey results were exported from Qualtrics® into Excel™ for descriptive analysis.
Categorical analyses were assessed with chi-square tests or Fisher’s Exact test when
counts were small. A p-value <0.05 was considered statistically significant. For the Likert
scale questions, the top two choices and bottom two choices were combined for analysis.
RESULTS
PA Program Characteristics
Of the 273 ARC-PA accredited PA programs at the time of the study, respondents
from 115 programs completed the survey for a return rate of 42.1%. An additional 18
respondents partially completed the survey; those data were excluded from the analysis.
The majority of surveys were completed by program directors (67.8%; n = 78). Most
respondents represented private programs (63.5%; n = 73), reported a program length of
27 months (40.9%; n = 47), and admitted 26-50 students each year (67.0%; n = 77). All
four geographical regions in the U.S. (Northeast, Midwest, South, West) were
represented in the analysis, with the highest response numbers from the South (41.7%; n
= 48) and the lowest response numbers from the West (13.9%; n = 16). The distribution
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of survey participants approximated the distribution of PA programs in the U.S.16 The pvalues were non-significant, meaning there is not a significant difference between PA
program characteristics reported in this survey versus the PAEA Program Report.16
Specifically, 39 states, Puerto Rico, and the District of Columbia were represented. A
description of the PA program characteristics is provided in Table 3.1.

Table 3.1: PA Program Characteristics
Characteristics

Settinga
Public
Private
Academic Health
Center
Military
Region
Northeast
Midwest
South
West
Program Length, m
24
25-26
27
28-30
31-36
a

Respondents
(N = 115)

PAEA
Program
Report 3513
(N = 235)

26 (22.6%)
73 (63.5%)
21 (18.3%)
0 (0%)

76 (32.3%)
158 (67.2%)
64 (27.2%)
1 (0.4%)

P

0.43
0.07b

0.70
28 (24.3%)
23 (20.0%)
48 (41.7%)
16 (13.9%)

66 (28.1%)
52 (22.1%)
83 (35.3%)
34 (14.5%)
0.66

26 (22.6%)
8 (7.0%)
47 (40.9%)
27 (23.5%)
7 (6.1%)

62 (26.4%)
25 (10.6%)
84 (35.7%)
53 (22.6%)
11 (4.6%)

Percentage may be higher than 100% as respondents could select more than one option.
The p-value for the Academic Health Center comparison is separated from the other
settings

b

50

Curricular Characteristics and Perceived Adequacy
Over two-thirds of the PA programs surveyed (68.7%; n = 79) do not require a
prerequisite genetics course for matriculation (Table 3.2), although seven programs
reported that a genetics course is highly recommended. The number of contact hours
varied widely between programs, with almost half of the programs (47.8%; n = 55)
including 1-10 contact hours (Table 3.2). No programs selected ‘zero’ hours, which
means that all programs report implementing some form of genetics in their curriculum,
therefore adhering to the ARC-PA Standard B2.02. The majority of respondents (91.3%;
n = 105) described their genetics-genomics instruction as adequate or more than
adequate, although many respondents (42.6%; n = 49) indicated their program would
benefit from an enhanced genetics module.
When asked about their awareness of online resources to support genetic-genomic
education (Table 3.3), most respondents identified well-known, general online medical
resources as their genetics-genomics resources; these include UpToDate (65.2%; n = 75),
Medscape (30.4%; n = 35), and Epocrates (19.1%; n = 22). Few respondents were aware
of resources routinely used in genetics practice, such as GeneReviews® (5.2%; n = 6),
Online Mendelian Inheritance in Man® (8.7%; n = 10), Genetics and Rare Disease
Information Center (12.2%; n = 14), and MedlinePlus (formerly Genetics Home
Reference, 23.5%; n = 27). Some respondents also reported being aware of Osmosis,
Jackson Laboratory, PubMed, Access Medicine, and National Institute of Health
resources.
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Table 3.2: PA Program Descriptives
Characteristics

Total

36 (31.3%)

79 (68.7%)

Predominant Curricular
Approach
Stand-alone Part of one or
course
many courses
29 (25.2%)
83 (72.2%)

Settinga
Public
Private
Academic Health Center

10 (27.8%)
24 (66.7%)
4 (11.1%)

16 (20.3%)
49 (62.0%)
17 (21.5%)

7 (24.1%)
19 (65.5%)
4 (13.8%)

19 (22.9%)
52 (62.7%)
16 (19.3%)

17 (30.9%)
32 (58.2%)
8 (14.5%)

8 (17.8%)
30 (66.7%)
10 (22.2%)

1 (6.7%)
11 (73.3%)
3 (20.0%)

Region
Northeast
Midwest
South
West

10 (27.8%)
6 (16.7%)
16 (44.4%)
4 (11.1%)

18 (22.8%)
17 (21.5%)
32 (40.5%)
12 (15.2%)

6 (20.7%)
4 (13.8%)
15 (51.7%)
4 (13.8%)

21 (25.3%)
17 (20.5%)
33 (39.8%)
12 (14.5%)

13 (23.6%)
12 (21.8%)
23 (41.8%)
7 (12.7%)

10 (22.2%)
8 (17.8%)
20 (44.4%)
7 (15.6%)

5 (33.3%)
3 (20.0%)
5 (33.3%)
2 (13.3%)

Program Length, m
24
25-26
27
28-30
31-36

5 (13.9%)
4 (11.1%)
17 (47.2%)
10 (27.8%)
0 (0.0%)

21 (26.6%)
4 (5.1%)
30 (38.0%)
17 (21.5%)
7 (8.9%)

3 (10.3%)
3 (10.3%)
14 (48.3%)
6 (20.7%)
3 (10.3%)

23 (27.7%)
5 (6.0%)
30 (36.1%)
21 (25.3%)
4 (4.8%)

14 (25.5%)
5 (9.1%)
22 (40.0%)
13 (23.6%)
1 (1.8%)

11 (24.4%)
2 (4.4%)
18 (40.0%)
10 (22.2%)
4 (8.9%)

1 (6.7%)
1 (6.7%)
7 (46.7%)
4 (26.7%)
2 (13.3%)

Student Matriculation
≤ 25
26-50
51-75
76-100
> 100

5 (13.9%)
25 (69.4%)
3 (8.3%)
3 (8.3%)
0 (0.0%)

7 (8.9%)
52 (65.8%)
14 (17.7%)
5 (6.3%)
1 (1.3%)

6 (20.7%)
16 (55.2%)
4 (13.8%)
3 (10.3%)
0 (0.0%)

5 (6.0%)
59 (71.1%)
13 (15.7%)
5 (6.0%)
1 (1.2%)

7 (12.7%)
37 (67.3%)
6 (10.9%)
5 (9.1%)
0 (0.0%)

4 (8.9%)
28 (62.2%)
10 (22.2%)
2 (4.4%)
1 (2.2%)

1 (6.7%)
12 (80.0%)
1 (6.7%)
1 (6.7%)
0 (0.0%)

Program Duration, y
≤5
6-10
11-20
> 20

14 (38.9%)
6 (16.7%)
7 (19.4%)
9 (25.0%)

24 (30.4%)
16 (20.3%)
9 (11.4%)
30 (38.0%)

7 (24.1%)
5 (17.2%)
7 (24.1%)
10 (34.5%)

29 (34.9%)
16 (19.3%)
9 (10.8%)
29 (34.9%)

22 (40.0%)
9 (16.4%)
10 (18.2%)
14 (25.5%)

13 (28.9%)
6 (13.3%)
5 (11.1%)
21 (46.7%)

3 (20.0%)
7 (46.7%)
1 (6.7%)
4 (26.7%)

a

Genetics Prerequisite
Required
Yes
No

Percentage may be higher than 100% as respondents could select more than one option.
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Contact Hours
1-10

11-20

> 20

55 (47.8%)

45 (39.1%)

15 (13.0%)

Table 3.3: Respondents’ Awareness of Genetics-Genomics Online Resources
Resource

Respondents Aware
of the Resource
(N = 115)

General
UpToDate
Medscape
Epocrates

75 (65.2%)
35 (30.4%)
22 (19.1%)

Genetics-Specific
MedlinePlus (formerly Genetics Home Reference)
Genetics and Rare Disease Information Center (GARD)
Pharmacogenomics Knowledgebase (PharmGkb)
Online Mendelian Inheritance in Man (OMIM)
GeneReviews
Orphanet

27 (23.5%)
14 (12.2%)
12 (10.4%)
10 (8.7%)
6 (5.2%)
1 (0.9%)

More than 60% (n = 72) of the respondents have not read the Physician Assistant
Genomic Competencies,8 and over 40% (n = 47) were unaware of the existence of the
competencies (Figure 3.1).
Content
Respondents were asked if particular genetics-genomics concepts were part of
their curriculum (Table 3.4). All respondents reported that their curricula covered wellknown genetic diseases, such as hemochromatosis, Down syndrome, cystic fibrosis, and
hereditary cancer. The majority of traditional genetic topics, such as inheritance patterns
and terminology, are included in most of the surveyed programs. More contemporary
genetic topics, such as genetic therapies and epigenetics, are not covered in many
programs.
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Figure 3.1: Respondents' Awareness of the
Physician Assistant Genomic Competencies

41%

Yes, and have read them

37%

Yes, but have not read them
No

22%

Curricular Approaches and Instructional Methods
Programs reported delivering genetics-genomics instruction in various ways using
multiple teaching strategies. The predominant curricular approach of most PA programs
(72.2%; n = 83) is incorporating genetics as part of one or many courses throughout the
curriculum. See Table 3.2 for a breakdown of predominant approaches. The majority of
PA programs (85.2%; n = 98) embed genetics-genomics content as part of one or many
courses throughout the curriculum. One-fourth (26.1%; n = 30) of programs have a standalone genetics-genomics course, and four programs have had a stand-alone genetics
course for more than 14 years. A few programs implement instruction within problembased learning cases (13.9%; n = 16) and during students’ clinical year during call-back
sessions (2.6%; n = 3). Five respondents (4.3%) reported “other” methods, including
having a stand-alone module as part of a course and having a genetics block as part of a
course.
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Table 3.4: Genetics-Genomics Concepts Covered in PA Program Curricula
Concept
Specific common genetic diseases
(e.g., hemochromatosis, Down
syndrome, cystic fibrosis, hereditary
cancer, etc.)
Inheritance Patterns (e.g. autosomal
dominant, autosomal recessive, Xlinked, mitochondrial)
Terminology (e.g., allele, locus,
genotype, phenotype, homozygote,
heterozygote, etc.)
Molecular Biology (e.g., DNA, RNA,
transcription, translation, etc.)
Genetic Screening
Genetic Diagnostic Testing
Mutations (e.g., missense, nonsense,
synonymous, splice, frameshift)
Genetic Risk Assessment
Pedigree Construction
Ethics, Legal, Social Implications
Genetic Counseling
Pharmacogenetics
Cytogenetics
Population Genetics
Genetic Therapies
Epigenetics

Yes

No

Unsure

115 (100.0%)

0 (0.0%)

0 (0.0%)

113 (98.3%)

1 (0.9%)

1 (0.9%)

109 (94.8%)

3 (2.6%)

3 (2.6%)

100 (87.0%)

14 (12.2%)

1 (0.9%)

100 (87.0%)
98 (85.2%)

5 (4.3%)
8 (7.0%)

10 (8.7%)
9 (7.8%)

96 (83.5%)

9 (7.8%)

10 (8.7%)

95 (82.6%)
94 (81.7%)
84 (73.0%)
81 (70.4%)
76 (66.1%)
64 (55.7%)
64 (55.7%)
59 (51.3%)
44 (38.3%)

7 (6.1%)
9 (7.8%)
14 (12.2%)
21 (18.3%)
19 (16.5%)
19 (16.5%)
19 (16.5%)
31 (27.0%)
23 (20.0%)

13 (11.3%)
12 (10.4%)
17 (14.8%)
13 (11.3%)
20 (17.4%)
32 (27.8%)
32 (27.8%)
25 (21.7%)
48 (41.7%)
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The respondents were also asked which courses or course equivalents include
genetics-genomics content (Table 3.5). The majority of the PA programs integrate
genetics-genomics content in clinical medicine (65.2%; n = 75), followed by basic
medical sciences/foundations of medical science (43.5%; n = 50). Fourteen respondents
(12.2%) embed content in other courses, including clinical correlation, lab and
diagnostics, molecular basis of disease, medical diagnostics, and pediatrics and women’s
health.

Table 3.5: Genetics-Genomics Integrated into Courses
Course

Number of Programs
(N = 115)*
75 (65.2%)
50 (43.5%)

Clinical Medicine
Basic Medical Sciences/Foundations of
Medical Science
Pathophysiology
45 (39.1%)
Basic Science courses (e.g. Biochemistry,
35 (30.4%)
Histology, Immunology, Microbiology)
Organ systems modules
34 (29.6%)
Pharmacology
24 (20.9%)
Evidence-Based Medicine
17 (14.8%)
Problem-Based Learning
17 (14.8%)
Anatomy
14 (12.3%)
Behavioral Medicine
14 (12.2%)
Clinical Skills
6 (5.2%)
*Percentage will be higher than 100% as programs could select more than one option
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PA programs engage different types of instructors to teach genetics-genomics
content (Table 3.6). Two-thirds of PA programs (67.0%; n = 77) utilize PA program
faculty. Over half of the respondents (57.4%; n = 66) reported that their program does not
have a faculty member with expertise or additional training in medical genetics. A small
number of PA programs use genetics PAs (4.3%; n = 5) or medical geneticists (3.5%; n =
4) to deliver content. Four programs (3.5%) selected “other” and indicated their program
utilizes a medical ethicist, health sciences faculty, or an unspecified guest lecturer to
teach genetics-genomics content. PA program faculty were responsible for the majority
of genetics instruction in over half of the programs (56.5%; n = 65), and one program
(0.9%) indicated genetics PAs were responsible for the majority of genetics-genomics
instruction.

Table 3.6: Genetics-Genomics Teaching Responsibility
Instructor

Number Utilized
(N = 115)*
PA program faculty
77 (67.0%)
Biological science faculty
31 (27.0%)
Genetic counselors
15 (13.0%)
Other clinicians with genetics training or experience
14 (12.2%)
PAs with additional genetics training or experience
12 (10.4%)
MDs with additional genetics training or experience
11 (9.6%)
PAs who practice in medical genetics
5 (4.3%)
Medical geneticists
4 (3.5%)
*Percentage will be higher than 100% as respondents could select more than one option
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PA programs also use different teaching methods to deliver genetics-genomics
content (Table 3.7), with most programs using didactic lectures (96.5%; n = 111),
followed by almost half of the programs using case-based scenarios (46.1%; n = 53).
Some respondents also reported other methods, such as student-taught
modules/presentations (1.7%; n = 2) or a flipped classroom (0.9%; n = 1).

Table 3.7: Genetics-Genomics Teaching Methods
Method

Number of Programs
(N = 115)*
Didactic lecture(s)
111 (96.5%)
Case-based scenarios
53 (46.1%)
Problem-based learning
26 (22.6%)
Online or web-based module(s)
15 (13.0%)
Simulated clinical scenarios
10 (8.7%)
Elective rotation
3 (2.6%)
*Percentage will be higher than 100% as programs could select more than one option

Intent, Barriers, and Perceived Needs for an Optimal Curriculum
Each respondent was asked if the program had plans to change the approach to
teaching genetics-genomics in the future. Only 18 respondents (15.7%) answered in the
affirmative, while half (52.2%; n = 60) were not planning to change their approach.
Provided a list of potential changes to enact (Table 3.8), more than two-thirds (68.7%; n
= 79) of the respondents selected “not applicable.” Twenty-three programs (20.0%) were
undecided but had changes in development. No programs planned to add a stand-alone
genetics course.
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Table 3.8: Respondents’ Plans to Change Teaching Approach
Plan

Number of Programs
(N = 115)*
Not applicable
79 (68.7%)
Not decided yet, but in development
23 (20.0%)
More inclusion of genetics across courses
7 (6.1%)
Move towards case-based learning
5 (4.3%)
Increase in genetics contact hours
3 (2.6%)
Increase testing of genetics content
3 (2.6%)
Increase faculty capacity for teaching genetics
3 (2.6%)
Move towards problem-based learning
1 (0.9%)
Add a stand-alone genetics course
0 (0.0%)
*Percentage will be higher than 100% as programs could select more than one option

A list of possible anticipated barriers (or experienced barriers) was provided, and
respondents were asked to indicate the significance of each barrier in achieving their goal
for an optimal genetics-genomics curriculum (Table 3.9). The most significant barriers
perceived are an already overloaded PA curriculum (71.3%; n = 82) and a lack of time to
develop resources (65.2%; n = 75). The least significant barriers perceived by
respondents are genetics not being seen as a priority by colleagues (29.6%; n = 34) and a
lack of resources to make changes and developments (41.7%; n = 48).
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Table 3.9: Perceived Barriers for an Optimal Genetics-Genomics Curriculum
Barrier

Curriculum already overloaded
Lack of time to develop resources
Lack of faculty with sufficient genetics experience or knowledge
Structure of existing curriculum
Lack of resources to make changes & developments
Genetics not seen as a priority by colleagues

Very/Quite
Significant
(N = 115)
82 (71.3%)
75 (65.2%)
57 (49.6%)
55 (47.8%)
48 (41.7%)
34 (29.6%)

Not Very/Not at all
Significant
(N = 115)
33 (28.7%)
40 (34.8%)
58 (50.4%)
60 (52.2%)
67 (58.3%)
81 (70.4%)

Finally, respondents were provided with a list of supporting resources to
determine what resources faculty would find useful in curricular development or teaching
(Table 3.10). Over 85% of respondents reported that genetic case studies (95.7%; n =
110), problem-based learning materials (89.6%; n = 103), case studies that include ethical
issues (87.8%; n = 101), and centrally developed curriculum resources (86.1%; n = 99)
would be “very/quite helpful.” Overall, respondents endorsed the usefulness of most
suggested resources.
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Table 3.10: Resources Perceived to be Helpful for Developing a Genetics-Genomics
Curriculum
Support

Genetic case studies
Problem-based materials
Case studies that include ethical issues
Centrally developed curriculum resources
An updated list of online resources for students
An updated list of online resources for educators
Lectures with slides
Learning evaluation tools
Self-instructional materials
Short course in medical and clinical genetics for PA faculty
Guest speakers with genetics expertise
Networking with other genetics educators
Support in effective teaching methods
Availability of clinical rotations in medical genetics

Very/Quite
Helpful
(N = 115)
110 (95.7%)
103 (89.6%)
101 (87.8%)
99 (86.1%)
95 (82.6%)
91 (79.1%)
91 (79.1%)
89 (77.4%)
89 (77.4%)
79 (68.7%)
72 (62.6%)
58 (50.4%)
58 (50.4%)
54 (47.0%)

Not Very/Not at all
Helpful
(N = 115)
5 (4.3%)
12 (10.4%)
14 (12.2%)
16 (13.9%)
20 (17.4%)
24 (20.9%)
24 (20.9%)
26 (22.6%)
26 (22.6%)
36 (31.3%)
43 (37.4%)
57 (49.6%)
57 (49.6%)
61 (53.0%)

DISCUSSION
The goal of this study was to gauge the current landscape of genetics-genomics
education in PA student training and to explore how PA programs address the ARC-PA
Standard B2.02. Genetics-genomics curricular characteristics and perceived adequacy;
content; curricular approaches and instructional methods; and intent, barriers, and
perceived needs for an optimal curriculum were of particular interest. With a 42.1%
response rate, the sample was representative of U.S. PA programs in terms of setting
(public, private, academic health center), distribution (Northeast, Midwest, South, West),
and program length compared to the annual PAEA Program Report.16 Many comparisons
can also be made between the current and 2007 surveys.9
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A positive finding of this study was that all PA programs integrate some form of
genetics-genomics into their curriculum; however, there is no consistency between
programs with this training. Programs use a variety of curricular approaches and
instructional methods to deliver genetics-genomics education. Similar to the previous
2007 survey, the most common and predominant curricular approach was integrating
genetics as part of one or many courses throughout the curriculum, and the most common
instructional method was didactic lectures. The percentage of programs that used a standalone course increased slightly by 5.1% since 2007. Surprisingly, the percentage of
programs implementing instruction as part of one or many courses throughout the
curriculum decreased substantially by about 20.6%. The number of contact hours also
varied widely between programs but remained similar to the 2007 survey9 and the annual
PAEA Program Report.17 Genetics-genomics content in PA curricula has not changed
much over time, despite the increase in genomic applications that were not part of
traditional genetic health services. Not surprisingly, traditional genetics concepts are
integrated into most PA program curricula. The percentage of programs teaching
pharmacogenetics did not change from the previous survey. This is surprising considering
the current focus on precision medicine and the need to educate healthcare providers
about contemporary genomic applications such as ordering and interpreting genetic
testing and conducting genetic risk assessment.18,19
Another surprising finding is that most PA programs (68.7%) do not require a
prerequisite course in genetics, but more PA programs require a prerequisite course than
in 2007. Of interest, PA programs have required the Graduate Record Examination as the
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standardized admission test for many years; however, as of July 2021, 27 programs
accept or require the Physician Assistant College Admission Test (PA-CAT).20 Released
in May 2020, the PA-CAT is a 240-item science-based assessment covering the major
prerequisite subjects required for admissions to most PA schools.21 Genetics content
makes up 11% (26/240 test questions) of the exam blueprint. Content objectives include
molecular structure and replication of genetic material, patterns of inheritance, molecular
properties of genes, genetic technologies, and genetic analysis of individuals in
populations. Additionally, the general biology content objectives include DNA, gene
expression, genetics, and RNA, adding more emphasis to the understanding of genetics.
The test blueprint suggests that genetics is essential for PA students to understand, and if
programs increasingly require the PA-CAT exam, students may come to PA programs
with a better understanding of genetics-genomics.
Although more than 90% of respondents perceived their genetics-genomics
curriculum to be adequate or more than adequate, most (42.6%) reported their program
would benefit from an enhanced genetics-genomics module. Further exploration of this
perceived need would be beneficial. Even though few programs report having a faculty
member with expertise or additional training in medical genetics, most programs utilize
PA program faculty to teach the genetics-genomics material. A surprising finding was
that around two-thirds (62.6%) of the respondents have not read the Physician Assistant
Genomic Competencies8 and many (40.9%) were unaware of the competencies. Lack of
educator awareness of endorsed competencies presents a serious barrier to competencybased education. Additionally, most respondents were unaware of the online resources
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routinely used in medical genetics. Further investigation may be of interest to determine
what evidence base faculty are using to construct the curriculum.
Of course, there is no single best way to integrate genetics-genomics into PA
curricula. Examples exist in the literature, although few are recent. Rackover et al6
describe how three PA programs integrate the “genetic and molecular mechanism of
health and disease,” based on the ARC-PA Standard B2.02. One program dispersed
genetics content throughout the didactic and clinical years; another program created a
stand-alone course of ten lecture hours on human genetics; and a third program
developed a stand-alone course consisting of online genetics modules with concepts
formally integrated throughout core courses. Another program created a series of six
lectures taught by a medical geneticist and genetic counselor.22 PA students were also
presented with a simulated patient encounter in which they were required to elicit a
family history, create a three-generation pedigree, and provide the patient with genetic
information.
The identified barriers and supportive resources that PA program faculty
anticipated would be helpful in developing a genetics-genomics curriculum resembled
findings from the 2007 survey. The most significant perceived barriers to achieving an
optimal genetics-genomics curriculum remained overloaded curricula and a lack of time
to develop resources. Similar barriers have been reported in developing geneticsgenomics medical23 and nursing14 curricula. Resources perceived as most helpful were
genetic case studies, problem-based materials, and case studies that include ethical issues.
It is important to note that resources are currently available for PA educators, such as the
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Genetics/Genomics Competency Center, which is an online repository of educational
materials for educators, students, and providers.24
Upon completing their 2007 needs assessment survey, Goldgar and Rackover25
published recommendations for a PA medical genetics curriculum based on a foundation
of knowledge, skills, and attitudes. The authors proposed using didactic lectures, clinical
experiences, and web-based learning with suggested topical areas to prepare PA students.
Online genetics resources were also recommended for clinicians, educators, and students
to further their genetics-genomics knowledge. Other suggestions for developing a
medical genetics-genomics curriculum include enlisting genetics-genomics experts to
help with curriculum design and delivery; exposing students to genetics-focused clinical
experiences throughout their medical training; establishing discipline-specific tracking
efforts to observe students’ performance on evaluations during training; and creating
opportunities for students to be mentored by experts in the field.23 Recently, teaching
genetics-genomics concepts using a flipped classroom method has shown promise. One
study revealed that quiz scores were significantly higher in a flipped classroom genetics
course compared to traditional lectures, although PA students preferred traditional
lectures to a flipped classroom.26 Additionally, PAEA could form a working group
charged with developing a ready-to-use genetics-genomics curriculum and resources to
assist PA educators similar to an initiative currently being pursued in medical
education.13
The lack of consistency in genetics-genomics curricula across PA education is not
surprising. The ARC-PA Standard B2.02 remains very broad11 and does not offer
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practical guidance for PA educators to develop genetics-genomics curricula. Most PA
educators charged with teaching genetics-genomics content have not read the Physician
Assistant Genomic Competencies.8 There is a lack of literature to inform the design,
delivery, and evaluation of educational approaches for PA educators.5 To develop an
evidence base to inform course and curricular planning, a standardized approach to
planning and reporting genetics-genomics educational interventions is needed. Recently,
in response to inconsistencies in reporting educational interventions, a group of
international genetics-genomics education experts created a framework, Reporting Item
Standards for Education and its Evaluation in Genomics (RISE2 Genomics).27 PA
educators are encouraged to use RISE2 Genomics to report their approaches to geneticsgenomics education and provide a much-needed evidence base.
Limitations
The nature of survey studies comes with a set of potential limitations. One
limitation is the relatively low response (42.1%), despite sending multiple reminders to
improve participation. Low response rates may lead to non-response bias; respondents
interested in genetics-genomics may have been more inclined to participate in the survey.
In an ideal survey, the response rate would be higher to more accurately describe the
current state of genetics-genomics across all PA programs. No significant bias was
demonstrated regarding setting, region, or program length (Table 3.1). Survey burden
could also be considered a limitation as 18 respondents initiated but did not complete the
survey; however, the median time for respondents who completed the survey was 6.3
minutes. Another limitation to consider is the nature of self-reporting data. The survey
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was emailed to each PA program director, who was asked to complete the survey or
forward the survey to a faculty member familiar with the genetics-genomics curriculum.
Different perspectives on the curriculum may be a source of error in completing surveys.
Particularly in programs that use multiple faculty to deliver genetics-genomics content, it
may be challenging to identify a faculty member with comprehensive knowledge of the
curricular approach. The survey comprised questions drawn from previous studies and
other questions created by experts for this study. All questions were subjected to expert
review for content validity. Further psychometric testing was not conducted, however,
limiting the evidence of survey reliability and validity. Last, the authors did not inquire if
the genetics-genomics curriculum was impacted due to the COVID-19 pandemic.
Because the survey was conducted during the height of the pandemic, some respondents
may have answered the questions based on their current curriculum during the COVID19 pandemic, which may differ from previous years.
Future Research
Our findings suggest multiple areas for further research. Future research may
include examining how current PA students view their genetics-genomics curricula and
their attitudes towards the field. Data can also be extracted to determine the efficacy of
curricular approaches and teaching methods based on student feedback and pre- and postinstruction assessments. Additional research could investigate current PAs’ knowledge,
attitudes, and practice of genetics-genomics. Resulting data can be used to update
competencies and inform recommendations for a medical genetics-genomics curriculum.
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CONCLUSION
This study aimed to describe the current landscape of genetics-genomics
education in PA student training. The ARC-PA Standard B2.02 requires the instruction of
genetics and molecular mechanism of disease in PA curricula; however, the Standard
offers no recommendations regarding depth, content, or pedagogy. Data from this study
illuminates many elements of current genetics-genomics education for PAs. Although
every respondent reported integrating genetics-genomics education into its curriculum
and thus adhering to the Standard, programs continue to deliver content with a variety of
approaches. The number of contact hours devoted to a genetics-genomics curriculum has
not changed since the previous needs assessment; however, content is less dispersed
throughout PA curricula. Notably, PA faculty welcome additional resources in
developing a genetics-genomics curriculum. Overall, the landscape of genetics-genomics
education in PA student training has not greatly changed since 2007, despite radical
advancements in medical genetics. The unchanged ARC-PA Standard does not reflect the
demands of post-genomic healthcare. The Physician Assistant Genomic Competencies
provide specific learning objectives that PA educators are encouraged to use when
creating curricular content and learning activities but are not recognized by 63% of
faculty teaching genetics-genomics to PA students. With continuing advancements in
medical genetics-genomics, providing adequate education across PA programs should be
a priority. We suggest revision of the ARC-PA Standard and development of a PA
genetics-genomics model curriculum based on the Physician Assistant Genomic
Competencies. PA educators developing genetics-genomics educational interventions are
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encouraged to use the RISE2 Genomics standards to design their interventions and to
collect and report data to expand the evidence base. Finally, it is imperative to measure
the effectiveness of the educational interventions to confirm that programs are creating
genetic- and genomic-competent PAs. PA education must evolve and keep up with the
rapid advancements in genetics-genomics knowledge.
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ABSTRACT
OBJECTIVE: This study surveyed practicing physician associates (PAs) about their
genetics-genomics knowledge, attitudes, and application in practice.
METHODS: A 25-question electronic survey was emailed to each constituent
organization of the American Academy of Physician Associates (AAPA) with a
description of the study and a request to forward to their members. Additionally, a
posting was displayed in the Bulletin Board section of the AAPA Huddle.
RESULTS: Of the 420 PAs who completed the survey, few PAs are knowledgeable
(25%) or confident (13%) in applying a genomic approach to the care of their patients,
although most (61%) think genetics-genomics is important to deliver high-quality care.
Remarkably, 97% of PAs surveyed are interested in genetics-genomics continuing
medical education.
CONCLUSIONS: PAs lack knowledge and confidence in integrating genetics-genomics
into the care of their patients; however, PAs have a positive attitude towards geneticsgenomics and want to improve their knowledge and confidence through educational
interventions.

Keywords: physician associate, genetics, genomics, attitudes, knowledge, application
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INTRODUCTION
Upon completion in April 2003, the Human Genome Project (HGP) changed the
future of healthcare.1 The HGP mapped and sequenced the approximately 20,000 genes
in the human genome and generated a wealth of genetics-genomics knowledge that can
be translated into healthcare.1,2 Over the last 20 years, genetics-genomics knowledge and
the field of medical genetics have advanced, reshaping healthcare and informing the
prevention, diagnosis, surveillance, management, and treatment of various genetic
diseases.1,3 This advancement has created a need for genetics-genomics literacy among
all healthcare professionals, including physician associates (PAs).1,4 Traditionally,
medical geneticists and genetic counselors have provided genetic services; however,
additional providers are needed.5,6 A recent workforce survey of medical geneticists
revealed a gap between the need for genetic services and workforce capacity.5 Another
workforce survey of genetic counselors predicted the supply of genetic counselors would
not meet the demand until between 2024 and 2030.6 With increasing demands for genetic
services and a shortage of genetics professionals, non-genetics healthcare professionals,
such as PAs, are needed to bridge this gap and apply a genomic approach to the care of
their patients.7,8 To adequately prepare PAs for this role, genetics-genomics must be
integrated into PA curricula and certification exams.
Recently, Patterson and Ward8 conducted a literature review to determine what is
known about genetics-genomics education for PAs. The authors reported a paucity of
published literature regarding genetics-genomics education for PAs. Additionally,
Patterson et al9 performed a recent survey to determine the state of genetics-genomics
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education in PA programs. The authors found that all programs integrate geneticsgenomics into their curriculum; however, no standardization exists among programs.
Since 2016, the Physician Assistant Genomic Competencies10 has been available to guide
PA educators in selecting educational curricular content and learning activities based on
current genetics-genomics knowledge; however, most PA educators (62.6%) who
completed the 2021 survey had not read those competencies.9 Educational efforts are
needed to create genetic- and genomic-competent PAs. Before taking on this educational
initiative, a baseline assessment of PAs’ genetics-genomics knowledge, attitudes, and
application in practice is needed. Other healthcare professionals, such as physicians,11
nurses,12 and speech-language pathologists,13 have performed similar surveys to inform
educational efforts.
This study aimed to survey practicing PAs about their genetics-genomics
knowledge, attitudes, and application in practice. Study findings will be useful in
planning continuing medical education (CME) for PAs, both generally and targeted
toward their specialty.
METHODS
Recruitment
All certified PAs in the United States (U.S.) were eligible to participate. An email
invitation was sent to the president or contact person of each constituent organization
(CO) of the American Academy of Physician Associates (AAPA) with a description of
the survey and a request to forward to their members. COs are independent organizations
affiliated with AAPA and include state and federal chapters, specialty organizations,
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special interest groups, and caucuses.14 Email addresses were obtained using the CO
section of the AAPA website14 or from individual CO websites. The survey
announcement was also displayed in the Bulletin Board section of the AAPA Huddle.15
In exchange for participation, PAs were entered into a gift card drawing.
Research Design
The research design was a quantitative descriptive cross-sectional study. The
survey consisted of 25 multiple-choice and Likert scale questions. Eight questions
elicited demographic information. A multi-part Likert scale question examined
participants’ confidence in performing genetics-genomics tasks that comprise the 2016
Physician Assistant Genomic Competencies.10 Another multi-part Likert scale question,
adapted and modified with permission from the work of Jallinoja and Aro,16 examined
factual knowledge, including basic knowledge about genes and heredity. The remaining
questions were formulated for this study. Items were mapped to survey domains and
reviewed by the study authors. The authors reviewed the survey for face and content
validity. Revisions were made based on their expert feedback. The survey was pilottested with 14 clinical PAs in various specialties and revisions were made as needed.
The Clemson University Institutional Review Board granted the study exempt
status. Consent was obtained prior to initiation of the survey and responses were
confidential.
Data Collection and Analysis
The 25-question online survey was administered via Qualtrics® survey software
from early November to mid-December 2021. Three reminder emails were sent to CO
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contact persons who had not responded to the initial email. Survey data were downloaded
from Qualtrics® into Excel™. Descriptive and inferential statistical analyses were
performed using Excel™ and SAS v9.4. Multiple comparisons were made between
graduation date (graduation in 2007 or before [n=118] versus after 2007 [n=302]) and
between age (≤ 35 years [n=210] versus > 35 years [n=210]). The decision to divide the
sample by graduation dates was based on the 2006 implementation of the Accreditation
Review Commission on Education for Physician Assistants (ARC-PA) accreditation
standard, which required all PA programs to include some form of genetics in their
curricula.17 Descriptive analyses included frequency, median, and proportions. Binary
and categorical analyses were assessed with chi-square tests. Risk ratios and 95%
confidence intervals (CIs) were calculated. A p-value <0.05 was considered statistically
significant.
RESULTS
PA Demographics
A total of 420 PAs completed the survey. Response rate could not be calculated
due to the recruitment method. Table 4.1 summarizes the demographics of PAs who
completed the survey. The majority of respondents were female (84.5%; n = 355). Ages
ranged from 23 to 75 years, with a mean of 39 years. All PAs surveyed graduated
between 1976 and 2021. The highest completed degree for most participants was a
Master’s degree (82.9%; n = 348). Of the 65 specialties and subspecialties represented,
those most often reported were ENT (13.6%; n = 57), OBGYN (11.2%; n = 47), and
family medicine (11.2%; n = 47). Most respondents were clinicians (95.2%; n = 400),

79

Table 4.1: PA Demographics
Demographics

Total Survey
Respondents
(N = 420)

2020 NCCPA
Report18
(N = 127,431148,560)

Gender Identity
Woman
Man
Transgender
Non-binary/non-conforming
Prefer not to respond

355 (84.5%)
62 (14.8%)
0 (0%)
2 (0.5%)
1 (0.2%)

69.7%
30.3%
N/A
N/A
N/A

Age
< 30
30-39
40-49
50-59
> 60

68 (16.2%)
191 (45.5%)
92 (21.9%)
41 (9.8%)
28 (6.7%)

17.8%
38.3%
23.1%
12.7%
8.1%

Year Graduated from PA School
Before 2007
2008 and After

118 (28.1%)
302 (71.9%)

N/A
N/A

Highest Degree
Certificate Program
Associate’s Degree
Bachelor’s Degree
Master’s Degree
Doctorate of Philosophy (PhD)
PA Clinical Doctorate Degree
Other Doctorate
Other Degree (unspecified)

5 (1.2%)
3 (0.7%)
34 (8.1%)
348 (82.9%)
4 (1.0%)
21 (5.0%)
5 (1.2%)
N/A

1.0%
1.0%
16.4%
78.8%
N/A
N/A
2.0%*
0.7%

Primary Role
Administrator
Clinician
Educator
Medical Liaison
Researcher
Other

5 (1.2%)
400 (95.2%)
8 (1.9%)
1 (0.2%)
2 (0.5%)
4 (1.0%)

N/A
N/A
N/A
N/A
N/A
N/A

Region of Practice
Northeast
Midwest
South
West

81 (19.3%)
78 (18.6%)
156 (37.1%)
105 (25.0%)

25.6%
19.4%
34.0%
21.0%

*The 2020 NCCPA Report combined all doctorates. Doctorate degrees reported by the largest
number of PAs included: PhD, DMSc, MD, and DHSc.
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and the number of patients seen by the respondents in a typical week greatly varied from
zero to 500. The four geographical regions in the U.S. (Northeast, Midwest, South, West)
were represented in the analysis, with the highest response numbers from the South
(37.1%; n = 156) and the lowest response numbers from the Midwest (18.6%; n = 78).
The distribution of PAs surveyed closely approximated the current distribution of
practicing PAs in the U.S. regarding age and region of practice.18
Perceived Knowledge
Only 25% (n = 105) of PAs rated their genetics-genomics knowledge as
knowledgeable/very knowledgeable (Figure 4.1). PAs who graduated after 2007 were
1.89 times more likely to rate their perceived knowledge as knowledgeable/very
knowledgeable compared to those who graduated before 2007 (p=0.00039, 95% CI 1.19,
2.99). There was no significant association, however, between perceived knowledge and
age (p=0.57).

FIGURE 4.1: SELF-RATED PERCEIVED
KNOWLEDGE OF GENETICS-GENOMICS
CONCEPTS (N = 420)
Very Knowledgeable

Knowledgeable

Somewhat Knowledgeable

Not at all Knowledgeable

20%

4%
21%

55%
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Actual Knowledge
Respondents were provided a list of True/False16 statements (Table 4.2) to
evaluate their basic knowledge about genes and heredity. Participants scored above 90%
on six statements and very low on two statements. About 57% (n = 238) of respondents
did not know that all body parts have the same genes, and 34.3% (n = 144) did not know
that humans have an estimated 20,000 genes.

Table 4.2: General Genetics Knowledge*
Answer
The carrier of a disease gene may be completely healthy.
Healthy parents can have a child with a hereditary disease.
The onset of certain diseases is due to genes, environment and lifestyle.
All serious diseases are hereditary.
One can see a gene with the naked eye.
A gene is a part of a chromosome.
A gene is a piece of DNA.
The child of a disease gene carrier is always also a carrier of the same
disease gene.

True
True
True
False
False
True
True
False

% Correct
(N = 420)
418 (99.5%)
417 (99.3%)
416 (99.0%)
408 (97.1%)
397 (94.5%)
391 (93.1%)
372 (88.6%)
371 (88.3%)

Genes are inside cells.

True

367 (87.4%)

It has been estimated that a person has about 20,000 genes.

True

276 (65.7%)

All body parts have all of the same genes.

True

182 (43.3%)

*Adapted from Jallinoja and Aro16
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PAs were asked to identify which family members to include in a three-generation
pedigree, and only 43.1% (n = 181) answered the question correctly. Respondents were
also asked if it was important to consider family history when assessing patients for
certain medical conditions. Of the list provided, 98.6% (n = 414) agreed that it is
important to consider family history when assessing a patient for cancer; 95.2% (n = 400)
for heart disease; 94.0% (n = 395) for autoimmune disease; 93.6% (n = 393) for
hypercholesterolemia; 87.1% (n = 366) for type II diabetes; 81.2% (n = 341) for
intellectual disability; and 73.6% (n = 309) for autism spectrum disorder. Family history
is important to consider when assessing a patient for each of these conditions.
Attitudes and Confidence in Practice
PAs generally recognize the relevance of genetics-genomics in their practice.
Most respondents (61.2%; n = 257) felt it is important/very important for PAs to
understand genetics-genomics to deliver high-quality care (Figure 4.2) and that
integrating genetics-genomics into their practice would make them a better PA (71.0%; n
= 298). These attitudes were not significantly associated with graduation date or age.
More than 90% (n = 388) of participants agreed that PAs should have a baseline
knowledge of genetics-genomics; however, only 47.6% (n = 200) agreed that their
current level of knowledge and skills are adequate for their practice role. Younger PAs
(p=0.0029) and those who graduated after 2007 (p=0.0001) were more likely to report
adequate genetics-genomics knowledge and skills for their practice role.
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FIGURE 4.2: PERCEIVED IMPORTANCE IN
UNDERSTANDING GENETICS-GENOMICS
CONCEPTS (N = 420)
Very Important

Important

Somewhat Important
1%

Not at all Important

15%

38%

46%

Two-thirds (66.2%; n = 278) of PAs surveyed felt their existing knowledge of
genetics-genomics is sufficient to perform their job effectively. Younger PAs (p=0. 0115)
and those who graduated after 2007 (p=0.0006) were more likely to report sufficient
genetics-genomics knowledge to perform their job effectively. Over half (52.6%; n =
221) of the respondents agreed that more genetics-genomics should be integrated into
their practice, and three-quarters (75.5%; n = 317) of PAs agreed that they need further
training in genetics-genomics. These attitudes were not significantly associated with
graduation date or age.
Few (12.6%; n = 53) PAs were confident/very confident applying geneticsgenomics knowledge in practice (Figure 4.3). There was no significant association
between confidence and graduation date (p=0.34) or age (p=0.11). More than 70% of
PAs surveyed felt they could confidently explain inheritance patterns (n = 300) and the
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role of a genetic counselor (n = 301) to their patients. Only about half (55.4%; n = 232)
of the PAs felt confident explaining newborn screening, and less than a third (30.2%; n =
127) felt confident explaining pharmacogenetics. About a quarter of respondents (27.1%;
n = 114) reported they could confidently explain a variant of uncertain significance. Only
15% (n = 63) of respondents felt they could confidently explain the Genetic Information
Nondiscrimination Act (GINA) of 2008.19 Last, 13.6% (n = 57) felt confident in
explaining genetic risk assessment/polygenic risk scores to their patients.

FIGURE 4.3: SELF-RATED CONFIDENCE IN
APPLYING GENETICS-GENOMICS CONCEPTS
(N = 420)
Very Confident

Confident

Somewhat Confident
2%

Not at all Confident

11%

45%
42%

Overall, confidence was low concerning pedigrees. Fewer than half of PAs felt
they could confidently draw (44.5%; n = 187) or interpret (48.6%; n = 204) a threegeneration pedigree. If provided a pedigree, 29.3% (n = 123) of respondents believe they
could confidently predict an unborn child’s chances of having an inherited disorder.
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When asked about the Physician Assistant Genomic Competencies,10 92.6% (n =
389) of respondents were unaware of the existence of the competencies, and an additional
5.2% (n = 22) were aware of the competencies but had not read them (Figure 4.4). PAs
were also asked to rate their confidence in carrying out 16 clinical actions that,
unbeknownst to the participants, comprise the Physician Assistant Genomic
Competencies10 (Table 4.3). Perceived competence was generally low. PAs were most
confident with seeking coordination and collaboration with an interprofessional team of
health care providers (56.9%; n = 239), identifying patients who would benefit from a
referral to genetics professionals (46.2%; n = 194), and gathering family history
information and constructing a multigenerational pedigree (41.4%; n = 174). The
respondents were least confident with discussing the range of genetic-genomic-based
approaches to the treatment of disease (11.7%; n = 49), describing the cellular and
molecular mechanisms underlying human inheritance (16.0%; n = 67), and examining on
a regular basis their competence in genetics-genomics as pertinent to their practice setting
(16.4%; n = 69).
Practice Behaviors
Only 36.0% (n = 151) of respondents reported they integrate genetics-genomics
into their practice, and there was no significant correlation between PAs’ integration of
genetics-genomics and graduation date (p=0.09) or age (p=0.37). Nearly half (46.7%; n =
196) of the PAs surveyed have ordered genetic testing for a patient. There was no
significant correlation between PAs who have ordered genetic testing and graduation date
(p=0.20); however, older PAs (p=0.0062) were more likely to have ordered genetic
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FIGURE 4.4: AWARENESS OF THE PHYSICIAN
ASSISTANT GENOMIC COMPETENCIES 10
(N = 420)
Yes, and I have read them

Yes, but I have not read them

No

2%5%

93%

testing. The probability of having ordered genetic testing was 1.33 times higher for older
PAs relative to younger PAs (95% CI 1.08, 1.64). When asked about their willingness to
order genetic testing for a patient, 44.5% (n = 187) of respondents indicated they would,
and an additional 45.0% (n = 189) indicated they may with additional training. Fewer
than 10% (n = 36) of PAs felt confident identifying the appropriate genetic testing to
order for a patient with intellectual disability, a common referral diagnosis to a genetics
clinic. Three-fifths (60.2%; n = 253) of respondents had never initiated contact with a
genetics specialist to discuss a patient, and half (51.7%; n = 217) have referred a patient
for an evaluation by a genetics specialist. Half (49.3%; n = 207) of the PAs surveyed
were familiar with the genetics services in their area.
When asked about which resources PAs use to find genetics-genomics
information when evaluating patients, the majority used well-known, general online
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Table 4.3: Confidence with the Physician Assistant Genomic Competencies10

Seek coordination and collaboration with an interprofessional
team of health care providers.
Identify patients who would benefit from referral to genetics
professionals.
Gather family history information and construct a
multigenerational pedigree.
Promote informed decision making for patients, and provide
nondirective counselling.
Explain the role of genetics professionals in the patient care
plan.
Use information technology to obtain current and credible
information about genetics for oneself, patients, and
colleagues.
Distinguish between genetic screening and genetic testing.
Offer appropriate psychological and social support to patients
and families affected by a genetic condition.
When communicating genetic information to patients,
consider personal factors that may influence their
understanding and response.
Incorporate genetic tests into patient management.
Identify key aspects of health care systems as they apply to
clinical genetics.
Define the role of genetic variation in health and disease.
Discuss financial, ethical, legal, and social issues related to
genetic testing and recording of genetic information.
Examine on a regular basis one’s competence in genetics and
genomics as pertinent to one’s practice setting.
Describe the cellular and molecular mechanisms underlying
human inheritance.
Discuss the range of genetic and genomic-based approaches to
the treatment of disease.
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Confident/Very
Confident
(N = 420)

Somewhat
Confident/Not at
all Confident
(N = 420)

239 (56.9%)

181 (43.1%)

194 (46.2%)

226 (53.8%)

174 (41.4%)

246 (58.6%)

169 (40.2%)

251 (59.8%)

153 (36.4%)

267 (63.6%)

153 (36.4%)

267 (63.6%)

146 (34.8%)

274 (65.2%)

142 (33.8%)

278 (66.2%)

139 (33.1%)

281 (66.9%)

88 (21.0%)

332 (79.0%)

87 (20.7%)

333 (79.3%)

83 (19.8%)

337 (80.2%)

77 (18.3%)

343 (81.7%)

69 (16.4%)

351 (83.6%)

67 (16.0%)

353 (84.0%)

49 (11.7%)

371 (88.3%)

medical resources such as UpToDate as their genetics-genomics resources (Table 4.4).
Few respondents used resources routinely used in medical genetics practice, such as
GeneReviews®. About 15% (n = 61) of PAs have not used any of the resources listed in
Table 4.4 when retrieving genetics-genomics information. Some respondents also
reported using genetic counselors or other genetics professionals,
supervising/collaborating physicians, Dynamed, National Comprehensive Cancer
Network® guidelines, GeneSight®, journal searches, American Academy of Family
Physicians, American College of Obstetricians and Gynecologists, and other resources
provided by their institutions.

Table 4.4: Genetics-Genomics Resources Used By Practicing PAs
Resource

Resource Used
(N = 420)

General
UpToDate
Medscape
Epocrates

327 (77.9%)
118 (28.1%)
83 (19.8%)

Genetics-Specific
MedlinePlus (formerly Genetics Home Reference)
Genetics and Rare Disease Information Center (GARD)
GeneReviews
Pharmacogenomics Knowledgebase (PharmGkb)
Online Mendelian Inheritance in Man (OMIM)
Genetic Testing Registry
Orphanet
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40 (9.5%)
38 (9.1%)
15 (3.6%)
10 (2.4%)
10 (2.4%)
5 (1.2%)
4 (1.0%)

Since graduating from PA school, 17.4% (n = 73) of PAs have participated in
continuing education regarding genetics-genomics. Most PAs, however, (96.9%, n = 407)
reported they would probably utilize free category I genetics-genomics CME and 45.0%
(n = 189) indicated they would probably utilize CME that pertained to their specialty
(Figure 4.5).

FIGURE 4.5: WOULD PAS UTILIZE FREE
CATEGORY I CME GENETICS-GENOMICS?
(N = 420)
Probably yes

Probably yes, if it pertained to my specialty

Probably not

3%

45%

52%

DISCUSSION
To keep up with the demands of post-genomic healthcare, PAs must have a
baseline understanding of genetics-genomics principles and be able to apply a genomic
approach to patient care as outlined in the competencies. This study aimed to gather
information from practicing PAs about their genetics-genomics knowledge, attitudes, and
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application in practice. With 420 PAs surveyed, the sample was representative of PAs in
the U.S. regarding age and region of practice.18
PAs’ perceived knowledge was relatively low, with only 25% self-reporting their
knowledge of basic genetics-genomics concepts as knowledgeable/very knowledgeable.
Interestingly, the perceived knowledge of PAs who graduated after 2007 was
significantly higher than PAs who graduated before 2007. This reflects the updated ARCPA accreditation standard in September 2006, section B2.02,17 that required all PA
programs to include “instruction in […] (e) the genetic and molecular mechanisms of
health and disease.”
In examining factual knowledge, PAs did well except for two statements. Most
PAs did not know that all body parts have the same genes (57%) or that humans have an
estimated 20,000 genes (34%). The same survey questions were given to a group of
healthcare providers (PAs, physicians, and nurses) in a 2016 study.20 The results were
similar, with the same two statements having the lowest percentage correct. Surprisingly,
more than 10% of PAs did not know that genes are inside cells, that a gene is a piece of
DNA, or that a child of a disease gene carrier is not an obligate carrier of the same
disease. Investigating an association between perceived knowledge and actual knowledge
would be beneficial; however, this study was not powered to evaluate the comparison.
PAs had an overall positive attitude toward genetics-genomics. The majority
(71%) of PAs agreed that integrating genetics-genomics into their practice would make
them a better PA, yet only 36% of PAs report doing so. Additionally, 61% felt it was
important for PAs to understand genetics-genomics to deliver high-quality care. While
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over 90% of respondents agreed that PAs should have a baseline knowledge of geneticsgenomics, only 48% agreed that their current knowledge and skills are adequate for their
practice role. Although 66% felt their existing knowledge of genetics-genomics is
sufficient to perform their current job effectively, most PAs (75%) felt they would benefit
from further training in genetics-genomics. The feeling of being inadequately trained is
shared by other healthcare professionals. Physicians21 and registered nurses12 have also
felt inadequately prepared for post-genomic healthcare.
Confidence in applying genetics-genomics knowledge in practice was low with
PAs, with most (87%) respondents rating their confidence as somewhat/not at all
confident. Overall, PAs were not confident with the Physician Assistant Genomic
Competencies,10 which is not surprising considering 98% had not read them. The lack of
confidence is worrisome because competencies are seen as the standard by which PAs are
expected to practice. Survey findings reveal that PAs are not prepared to deliver geneticsgenomics informed care as outlined in the competencies. Confidence was also low in
explaining pharmacogenetics, which is concerning considering the current focus on
precision medicine.22,23 An interesting finding was that almost half (47%) of PAs had
ordered genetic testing for a patient, but few felt confident in explaining a variant of
uncertain significance (27%) or GINA (15%) to their patients, which are part of
interpreting a genetic test result. Last, PAs lack knowledge and confidence in drawing
and interpreting three-generation pedigrees, which are useful when obtaining a family
history,24 and do not feel confident explaining basic inheritance patterns (30%) to their
patients. Both are expected competencies that could be included in CMEs.
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Most PAs have never initiated contact with a genetics specialist (60%), nor were
they familiar with the genetics services in their area (51%). Additionally, few respondents
were aware of resources routinely used in genetics practice. About 45% of PAs report
willingness to order genetic testing for a patient and an additional 45% would order
testing with additional training. This indicates content that would be appropriate to
include in CMEs. Remarkably, 97% of PAs indicated they would probably utilize free
category I genetics-genomics CME. This study indicates confirms that PAs are interested
in learning more about genetics-genomics and are likely to utilize free CME
opportunities.
Study findings support several recommendations. There is a critical need to
educate PA students in the 287 ARC-PA accredited programs25 and the 148,000 PAs
already in practice.26 This can be achieved by embedding more genetics-genomics in PA
school curricula and developing CME modules, respectively. Additionally, the ARC-PA
Standard B2.02, which was implemented in 2006, remains unchanged as of March 202227
and offers no recommendations regarding depth, content, or pedagogy to support
developing a workforce prepared to meet the demands of post-genomic healthcare. The
Standard should be revised to incorporate a modern genomic approach.9
Furthermore, certification and recertification exams should be re-visited.
Genetics-genomics content is limited on the current Physician Assistant National
Certifying Examination (PANCE) Content Blueprint to the Applying Basic Scientific
Concepts section, with no disease etiology or association content present.28 The Physician
Assistant National Recertification Exam (PANRE) and Physician Assistant National
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Recertifying Exam-Longitudinal Assessment (PANRE-LA) blueprint, effective in
January 2023, is limited to the history, physical exam, and diagnosis of cystic fibrosis and
sickle cell anemia.29 Re-structuring the PANCE, PANRE, and PANRE-LA to include
more genetics-genomics content would incentivize PA students and practicing PAs to
learn more about genetics-genomics concepts and support the implementation of
genomic-informed care.
Limitations
Survey studies, by design, come with a set of limitations. One limitation of this
study is that a response rate cannot be calculated due to the recruitment method; however,
every effort was made to reach out to each CO multiple times. Another limitation to
consider is non-response bias. Some COs may not have felt the survey was appropriate
for their organization and therefore did not forward it to its members. For the COs that
did forward the survey to its members, PAs interested in genetics-genomics may have
been more likely to participate in the survey. Again, the researchers made every effort to
decrease the risk of non-response bias by sending reminder emails to improve
participation. Another limitation may be survey burden, as over 120 respondents initiated
the survey but did not complete it; however, the median time for respondents who
completed the survey was eight minutes. Last, the survey email was sent to the president
or contact person of each CO, and a post was made in the Bulletin Board section of the
AAPA Huddle. Unfortunately, PAs who are not a member of AAPA or a CO would not
have been invited to participate, so this sample may not represent all PAs. The small
sample size may limit generalizability of study findings; however, the distribution of
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survey participants approximated the distribution of PAs practicing in the U.S. regarding
age and region of practice.18 Additional studies may be needed to confirm our findings.
CONCLUSION
To our knowledge, this is the first survey of its kind. PAs do not feel adequately
trained for genomic healthcare. PAs acknowledge a deficit in their knowledge and
confidence regarding genetics-genomics; however, they have a positive attitude toward
obtaining further training and indicate interest in free CME to improve their knowledge
and confidence. It is time to capitalize on that interest using appropriate avenues of
education. In collaboration, genetics experts and PA regulatory groups can create
educational initiatives for PAs that are mapped to expected competencies and knowledge
deficits revealed by this study. Through adequate and targeted training, PAs can decrease
the gap in the genetics workforce and improve patient care by becoming genomiccompetent providers.
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CHAPTER FIVE
CONCLUSION
SUMMARY, LIMITATIONS, RECOMMENDATIONS, AND FUTURE RESEARCH

Upon completion in 2003, the Human Genome Project (HGP) mapped and
sequenced approximately 20,500 genes in the human genome (What is the Human
Genome Project?, 2018). This new knowledge and associated advances in technology
opened up new possibilities for the prevention, diagnosis, surveillance, management, and
treatment of various genetic diseases (Claussnitzer et al., 2020). Additionally, the demand
for genetic services increased. Historically, medical geneticists and genetic counselors
have provided genetic-genomic services to patients; however, the anticipated genetics
workforce supply is insufficient to meet the rising need for genetic services (Campion et
al., 2019; Hoskovec et al., 2018; Jenkins et al., 2021). The knowledge gained from the
HGP, along with the gap in the genetics workforce supply and demand, create a need for
genetics-genomics literacy among all healthcare professionals, regardless of discipline or
specialty (Guttmacher et al., 2007; Secretary’s Advisory Committee on Genetics, Health,
and Society [SACGHS], 2011). Physician assistants/associates (PAs) can improve the gap
between supply and demand for genetic services, but this requires PAs to be adequately
trained in genetics-genomics (Campion et al., 2019; Rackover et al., 2001; SACGHS,
2011). The purpose of this dissertation was to analyze existing literature, examine PA
student training, and investigate the knowledge, attitudes, and application of practicing
PAs to determine if PAs are adequately trained for post-genomic healthcare. This
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dissertation explored genetics-genomics education for PAs through scholarly works that
comprise Chapters II-IV.
First, Chapter I (Introduction) provides a brief introduction to the history of
genetics-genomics and the impact of the HGP on genomic medicine and healthcare. The
wealth of new knowledge generated from the HGP led to a gap in the genetics workforce,
which directed a need for genetics-genomics literacy among non-genetics providers. The
PA profession was also introduced in this Chapter and suggested as a remedy to improve
the genetics workforce gap. In being part of the solution, however, PAs must be
adequately trained in genetics-genomics.
Chapter II
Literature Review
Chapter II, Genetics and Genomics Education for Physician Assistant Students: A
Review of the Literature, described a literature review posed to answer the research
question, “How are PAs being prepared for the new and evolving world of medical
genetics-genomics?” A rapid review method was chosen as this type of review uses
systematic methods to assess what is already known about a particular subject or issue
(Grant & Booth, 2009). Relevant MeSH terms were used to search CINAHL, MEDLINE,
PubMed, and Web of Science for articles meeting inclusion criteria. A total of 11 articles
met the inclusion criteria. The review was presented historically.
The literature review summarized the available literature regarding geneticsgenomics education for PAs. Retained articles included an assessment of PA programs,
genetics-genomics competencies, educational efforts developed by PA programs, and
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continuing education programs for PAs. The research question, however, remained
unanswered. A paucity of literature exists to describe the current state of PA geneticsgenomics education. The need for frequent educational assessment, evaluation, and
modernization required in the field of medical genetics-genomics, presents a critical
challenge for educating PAs and other healthcare providers. PA educators who teach
genetics-genomics should publish their work to build a knowledge base regarding PA
genetic-genomics education.
The literature review was peer-reviewed and accepted for publication in the
Journal of Physician Assistant Education (Patterson & Ward, 2022).
Limitations
Although the rapid review method used in the study was appropriate, some may
perceive it as a limitation compared to a traditional systematic review. The rapid review
method was pursued due to the historical nature of the review and to limit the use of grey
literature. The small number of relevant publications may also be considered a limitation;
however, this is due to few people reporting on genetics-genomics education for PAs in
the literature, adding evidence that a more robust evidence base is needed.
Recommendations
The small number of articles available in the literature show the need for more
dissemination regarding critical issues in PA education. PA educators and individuals
who are developing and implementing genetics-genomics educational interventions
should use the Reporting Item Standards for Education and its Evaluation in Genomics
(RISE2 Genomics) to plan their interventions and collect data to report in a way that can
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contribute to the evidence base. Developed by a group of international genetics-genomics
education experts in response to inconsistencies in reporting educational interventions,
RISE2 Genomics is a standardized approach to plan and report genomics educational
initiatives (Nisselle et al., 2021). PA educators can also use the Physician Assistant
Genomic Competencies to measure outcomes. Additionally, PA programs would benefit
from a standardized measure of genetics-genomics learning outcomes using a valid and
reliable tool to measure learning needs pre-instruction and gains post-instruction. Last,
the Journal of Physician Assistant Education or Journal of the American Academy of
Physician Associates could re-create an initiative similar to the Genomics in PA Practice
series, found during the literature review, to further educate PAs on specific and more upto-date genetics-genomics topics.
Future Research
Future studies are needed to add to the PA evidence base for genetics-genomics.
An up-to-date needs assessment and an evaluation of current genetics-genomics curricula
in PA programs are needed to determine if programs are compliant with the Accreditation
Review Commission on Education for the Physician Assistant (ARC-PA) Standard B2.02
(Accreditation Standards for Physician Assistant Education [ASPAE], 2022), the
recommended medical genetics curriculum (Goldgar & Rackover, 2008), or the
Physician Assistant Genomic Competencies (Goldgar et al., 2016). Findings may inform
genetics curriculum development and delivery in PA programs. Evidence-based
recommendations should be made and applied to create new and improved educational
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programs and curricular approaches for PA students based on the findings. This area of
future research was pursued in Chapter III of this dissertation.
Chapter III
PA Program Survey
Upon completing the literature review, a PA program survey (Chapter III) was
developed to assess the current landscape of genetics-genomics education in PA student
training and measure how PA programs address the ARC-PA Standard B2.02. The
Standard requires instruction in the genetics and molecular mechanism of disease in PA
curricula but offers no recommendations regarding depth, content, or pedagogy (ASPAE,
2022). This manuscript is titled The State of Genetics and Genomics Education in U.S.
Physician Assistant Programs. The survey was emailed to all program directors of the
ARC-PA accredited PA programs in the United States (U.S.). With a response rate of
42%, findings showed that each responding program reported integrating some form of
genetics-genomics into their curriculum; however, no standardization existed between
programs. The number of contact hours was unchanged, and content was less dispersed
throughout PA curricula than reported in a similar 2007 survey (Goldgar & Rackover,
2007). Programs deliver different content with a variety of approaches. Although the field
of medical genetics-genomics has advanced significantly since the previous survey
conducted 14 years ago, the landscape of genetics-genomics education in PA student
training has not. With the field of medical genetics-genomics constantly advancing,
providing adequate education across PA programs should be a priority.
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The PA program survey manuscript was submitted to the Journal of Physician
Assistant Education for publication.
Limitations
Survey methodology comes with a set of potential limitations. Despite sending
multiple reminders to improve participation, this study had a relatively low response
(42.1%), which may lead to non-response bias. Ideally, a response rate would be higher
to describe the state of genetics-genomics across all PA programs in the U.S.; however,
the sample was representative of programs in terms of setting and distribution compared
to the annual Physician Assistant Education Association Program Report (By the
Numbers: Program Report 35: Data from the 2019 Program Survey, 2020). Survey
burden could also be considered a limitation; however, the median time for respondents
who completed the survey was roughly six minutes. The nature of self-reported data may
also be considered a limitation. The survey was emailed to the program director of each
ARC-PA accredited PA program with the request to complete the survey or forward the
survey to the faculty member familiar with the genetics-genomics curriculum. A source
of error in completing the survey may be limited perspectives on the curriculum. The
faculty member completing the survey may not have been familiar with all aspects of the
program’s curricula. Last, the survey was deployed during the height of the COVID-19
pandemic, and the authors did not inquire if the genetics-genomics curriculum was
impacted due to the pandemic or if the responses reflected temporary changes during the
pandemic.
Recommendations
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The ARC-PA Standard B2.02 has remained unchanged since its inception in 2006
and does not reflect the demands of post-genomic healthcare. One recommendation
would be to revise the ARC-PA Standard to align with the Physician Assistant Genomic
Competencies and incorporate more up-to-date knowledge and advancements.
Developing a PA genetics-genomics model curriculum based on the Physician Assistant
Genomic Competencies would also benefit PA programs by improving efficiency and
providing some standardization. Additionally, PA educators developing geneticsgenomics educational interventions should use the RISE2 Genomics standards to design
their interventions in order to collect and report data to expand the PA evidence base.
Last, a tool should be developed to measure the effectiveness of the educational
interventions to confirm that programs are creating genetic- and genomic-competent PAs.
Future Research
It would be beneficial to examine how current PA students view their geneticgenomics curricula and their attitudes towards the field. Based on student feedback and
pre-/post-instruction assessments of knowledge or competency, a study could be
conducted to determine the efficacy of curricular approaches and teaching methods.
Further research could explore practicing PAs’ genetics-genomics knowledge, attitudes,
and application in practice. Data can inform recommendations for a medical geneticsgenomics curriculum and update genomic competencies.
Chapter IV
Practicing PA Survey
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Chapter IV, Workforce Survey of Physician Associates’ Genetic-Genomic
Knowledge, Attitudes, and Application in Practice, reports a survey developed for
practicing PAs to determine their genetics-genomics knowledge, attitudes, and
application in practice. The survey invitation was emailed to the president or contact
person of each constituent organization (CO) of the American Academy of Physician
Associates (AAPA) with a request to forward to their members. A survey announcement
was also displayed in the AAPA Huddle under the Bulletin Board section. A total of 420
PAs completed the survey. Overall, findings indicated that PAs do not feel adequately
trained for genomic healthcare and lack knowledge and confidence in incorporating
genetics-genomics into patient care. Despite those perceived limitations, PAs have a
positive attitude toward genetics-genomics and feel it is important. PAs want to improve
their knowledge and confidence through educational interventions, such as continuing
medical education (CME), generally and targeted toward their specialty. Through
adequate training, PAs can become genomic-competent providers and improve patient
care.
The PA program survey manuscript was submitted to the Journal of the American
Academy of Physician Associates for publication.
Limitations
Again, surveys by design come with a set of potential limitations. Due to the
recruitment method, a response rate could not be elicited. Non-response bias was another
limitation, as some COs felt the survey was not appropriate to be dispersed among their
members. Survey burden may also be considered a limitation, but the median time for
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respondents who completed the survey was eight minutes. Last, the sample size may be
considered low despite reaching out to each CO multiple times. The small sample size
may limit generalizability of study findings; however, the distribution of survey
respondents approximated the distribution of PAs practicing in the U.S. regarding age
and region of practice (2020 Statistical Profile of Certified PAs by State: An Annual
Report of the National Commission on Certification of PAs, 2022).
Recommendations
As previously mentioned, the ARC-PA Standard B2.02 remains unchanged and
does not reflect the demands of post-genomic healthcare. Revising the Standard would
give PA programs more direction in integrating genetics-genomics into curricula, thus
increasing the knowledge and confidence of future PAs as they transition to practice.
Additionally, certification and recertification exams should be reassessed for geneticgenomic content that aligns with the competencies. The Physician Assistant National
Certifying Examination, Physician Assistant National Recertification Exam, and the
newly established Physician Assistant National Recertification Exam Longitudinal
Assessment have limited content regarding genetics-genomics (Content Blueprint for the
Physician Assistant National Certifying Examination (PANCE), n.d.; Content Blueprint
for NCCPA’s Physician Assistant National Recertifying Exam (PANRE) and the
Physician Assistant National Recertifying Exam-Longitudinal Assessment (PANRE-LA);
n.d.). Restructuring certification exams to include more questions that include a geneticgenomic perspective would encourage PA educators to embed more genetics-genomics in
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PA curricula and incentivize students and practicing PAs to learn more about geneticsgenomics concepts, thus implementing a genomic approach to patient care in practice.
Future Research
The small sample size may limit the generalizability of the survey and additional
studies on a larger scale may be needed to confirm the findings of this survey. For
example, the AAPA could deploy the survey along with its Annual Salary Report Survey
to increase the rate of return. Further research could also explore how PAs utilize
genetics-genomics in their specialty and determine what genetic diagnoses are evaluated.
Data can be used to create evidence-based education and more targeted and specialtyappropriate CME.
Conclusion
In conclusion, the literature review, PA program survey, and practicing PA survey
revealed that PA students and practicing PAs are not adequately trained for post-genomic
healthcare. The literature review exposed a paucity of published literature regarding
genetics-genomics education to inform the design, delivery, and evaluation of educational
approaches for PA educators. Additionally, although genetics-genomics is integrated into
each PA program in the U.S., there are inconsistencies among programs in content,
curricular approaches, and instructional methods. Furthermore, practicing PAs lack
knowledge and confidence in incorporating genetics-genomics into patient care and do
not feel adequately trained for post-genomic healthcare. Study findings reveal an unmet
critical need to educate PA students in the 287 ARC-PA accredited programs and the
148,000 PAs already in practice (ARC-PA Program Accreditation Status, n.d.; 2020
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Statistical Profile of Certified PAs by State: An Annual Report of the National
Commission on Certification of PAs, 2022).
To provide a more robust evidence base, PA and genetics-genomics educators are
encouraged to use the RISE2 Genomics standards to design their educational
interventions and to collect and report data to expand the evidence base (Nisselle et al.,
2021). Using the RISE2 Genomics standards, a tool to measure competency-based
knowledge gains for educational interventions, and the Physician Assistant Genomic
Competencies, a model genetics-genomics curriculum can be formed and used nationally
among PA programs. A valid and reliable tool is needed to measure genetics-genomics
knowledge among PA students to measure learning needs pre-instruction and gains postinstruction to confirm that programs are creating genetic- and genomic-competent PAs.
Evidenced-based CME can also be developed to educate all practicing PAs, and
additional CME can be created to target various specialties. Through adequate training,
PAs can contribute to filling the gap in the genetics workforce and become genomiccompetent providers in post-genomic healthcare.
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Appendix A
Supplementary Document 1. PA Program Survey Questions
1. Which best describes the setting of your PA program? (select all that apply)
a. Public
b. Private
c. Academic Health Center
d. Military
e. Other: ________________________
2. In which state is your PA program located? (drop-down box)
a. “state”
3. What is the length of your PA program (months)?
a. 24
b. 25-26
c. 27
d. 28-30
e. 31-36
4. How many students are admitted to your PA program each year?
a. ≤ 25
b. 26-50
c. 51-75
d. 76-100
e. > 100
5. For how many years has your PA programs been offered?
a. ≤ 5
b. 6-10
c. 11-20
d. > 20
6. What is your role in your PA program?
a. Program Director
b. Clinical Director
c. Director of Didactic Education
d. Medical Director
e. Academic Director
f. Principal Faculty
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g. Other: ________________________

Survey Questions
1. Does your program require a prerequisite course in genetics?
a. Yes
b. No
c. Comments: __________________________
2. How adequate do you feel the instruction of genetics is within your program’s
curriculum?
a. More than adequate
b. Adequate
c. Inadequate
3. Do you think your program would benefit from an enhanced genetics module?
a. Yes
b. No
c. Unsure
4. Do you currently have a faculty member with expertise or additional training in the
area of medical genetics?
a. Yes
b. No
5. Are you aware of the Physician Assistant Genomic Competencies published in 2016?
a. Yes, and I have read them
b. Yes, but I have not read them
c. No
6. How is genetics instruction (and molecular mechanism of health and disease)
implemented in your program? Please check all that apply.
a. As a stand-alone course during the didactic year
b. As part of another course or few courses
c. As part of many courses throughout the curriculum
d. Within problem-based learning cases
e. During clinical year call-back sessions
f. Other: ____________________________________
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7. Please indicate which curricular approach for genetics is predominant in your PA
program:
a. As a stand-alone course during the didactic year
b. As part of another course or few courses
c. As part of many courses throughout the curriculum
d. Within problem-based learning cases
e. During clinical year call-back sessions
f. Other: ____________________________________
8. If you have a freestanding course in genetics, how long has the class been taught?
a. 1 year
b. 2 years
c. 3-4 years
d. 5-9 years
e. 10-14 years
f. > 14 years
g. My program does not have a freestanding course
9. Please estimate the number of contact hours of genetics/genomics education students
receive:
a. 0
b. 1-3
c. 4-6
d. 7-10
e. 11-15
f. 16-20
g. 21-25
h. 26-30
i. > 30
10. If genetics/genomics is integrated across your curriculum, which courses or course
equivalents include genetics/genomics content? Please check all that apply:
a. Anatomy
b. Basic Medical Sciences/Foundations of Medical Science
c. Basic Science courses (e.g. Biochemistry, Histology, Immunology,
Microbiology)
d. Behavioral Medicine
e. Clinical Medicine
f. Clinical Skills
g. Evidence-Based Medicine
h. Pathophysiology
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i.
j.
k.
l.

Pharmacology
Problem-Based Learning
Organ systems modules
Other:________________________________

11. How is genetics/genomics content taught? Please check all that apply:
a. Didactic lecture(s)
b. Case-based scenarios
c. Problem-based learning
d. Online or web-based module(s)
e. Simulated clinical scenarios
f. Elective rotation
g. Other:________________________________
12. Who teaches genetics/genomics content in your PA Program? Please check all that
apply:
a. PA program faculty
b. Biological science faculty
c. PAs who practice in medical genetics
d. PAs with additional genetics training or experience
e. MDs with additional genetics training or experience
f. Other clinicians with genetics training or experience
g. Medical geneticists
h. Genetic counselors
i. Other:___________________________________
13. Please indicate which type of instructor is responsible for the majority of genetics
instruction:
a. PA program faculty
b. Biological science faculty
c. PAs who practice in medical genetics
d. PAs with additional genetics training or experience
e. MDs with additional genetics training or experience
f. Other clinicians with genetics training or experience
g. Medical geneticists
h. Genetic counselors
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14. Please indicate which of the following genetics concepts are covered in your
curriculum.
Yes
Molecular Biology (e.g., DNA,
RNA, transcription, translation, etc.)
Terminology (e.g., allele, locus,
genotype, phenotype, homozygote,
heterozygote, etc.)
Inheritance Patterns (e.g. autosomal
dominant, autosomal recessive, Xlinked, mitochondrial)
Cytogenetics
Mutations (e.g., missense, nonsense,
synonymous, splice, frameshift)
Pedigree construction
Specific common genetic diseases
(e.g., hemochromatosis, Down
syndrome, cystic fibrosis, hereditary
cancer, etc.)
Genetic Risk Assessment
Genetic Screening
Genetic Diagnostic Testing
Genetic Therapies
Pharmacogenetics
Epigenetics
Population Genetics
Genetic Counseling
Ethics, Legal, Social Implications
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No

Unsure

Curricular Planning for Genetics/Genomics
15. Do you plan to change your approach to teaching genetics in the near future?
a. Yes
b. No
c. Unsure
16. If yes, which of the following changes are planned? (if ‘yes’ is selected for question
15)
a. Not applicable
b. Not decided yet, but in development
c. Increase in genetics contact hours
d. Add a stand-alone genetics course
e. More inclusion of genetics across courses
f. Increase faculty capacity for teaching genetics
g. Increase testing of genetics content
h. Move towards problem-based learning
i. Move towards case-based learning
j. Other: ______________________
17. What barriers do you anticipate (or have you experienced) in achieving your goals for
a genetics curriculum? Please indicate the degree of challenge:
Very
significant
Structure of existing curriculum
Curriculum already overloaded
Genetics not seen as a priority by
colleagues
Lack of resources to make
changes & developments
Lack of faculty with sufficient
genetics experience or knowledge
Lack of time to develop resources
Other

122

Quite
significant

Not very
significant

Not at all
significant

18. What support would be helpful for you to develop a genetics/genomics curriculum?
Very
helpful
Centrally developed curriculum resources
Lectures with slides
Problem-based materials
Self-instructional materials
An updated list of online resources for
educators
An updated list of online resources for
students
Genetic case studies
Case studies that include ethical issues
Learning evaluation tools
Short course in medical and clinical genetics
for PA faculty
Support in effective teaching methods
Networking with other genetics educators
Availability of clinical rotations in medical
genetics
Guest speakers with genetics expertise
Other

123

Quite
helpful

Not very
helpful

Not at all
helpful

19. What genetics/genomics online resources are you aware of? Please check all that
apply:
a. Epocrates
b. Medscape
c. UpToDate
d. Online Mendelian Inheritance in Man (OMIM)
e. GeneReviews
f. MedlinePlus (formerly Genetics Home Reference)
g. Genetics and Rare Disease Information Center (GARD)
h. Orphanet
i. Pharmacogenomics Knowledgebase (PharmGkb)
j. Other: ____________________________
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Appendix B
IRB Documents for PA Program Survey

Informed Consent
Information about Being in a Research Study
Clemson University
The State of Genetics and Genomics Education in Physician Assistant Programs
KEY INFORMATION ABOUT THE RESEARCH STUDY
Wesley G. Patterson, PhD(c), MSPA, PA-C is inviting you to volunteer for a research
study. Wesley is a graduate student at Clemson University conducting the study with
Linda D. Ward, PhD, APN, FNP-C in the Clemson University School of Nursing.
Study Purpose: The purpose of this research is to learn about the current state of PA
genetics and genomics education and to provide a gap analysis regarding what is versus
what should be taught. This study will gather information from PA programs about how
each program integrates genetics and genomics concepts.
Voluntary Consent: Participation is voluntary, and you have the option to not
participate.
Activities and Procedures: Your part in the study will be to complete a survey about the
PA program in which you are teaching. The data will be collected and stored in Qualtrics.
Participation Time: It will take you about 10-15 minutes to be in this study.
Risks and Discomforts: We do not know of any risks or discomforts to you in this
research study.
Possible Benefits: The information obtained from this study may inform genetics
curricula and curricular delivery methods in PA programs.
EXCLUSION/INCLUSION REQUIREMENTS
PA programs will be made aware of the survey via an email. Each PA program accredited
by ARC-PA, which includes 273 programs in the United States, will receive an email.
PROTECTION OF PRIVACY AND CONFIDENTIALITY
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The results of this study may be published in scientific journals, professional
publications, or educational presentations. You will not be asked for your contact
information; however, Qualtrics will keep the Internet Protocol addresses (IP addresses)
in order to prevent you from completing the survey twice. The researchers will not
review to the IP addresses. IP addresses will be retained for 30 days after the completion
of the study, at which time they will be deleted from Qualtrics. Every effort will be made
by the researcher to preserve your confidentiality. Identifiable information collected
during the study will be removed and the de-identified information will not be used or
distributed for future research studies.
CONTACT INFORMATION
If you have any questions or concerns about your rights in this research study, please
contact the Clemson University Office of Research Compliance (ORC) at 864-656-0636
or irb@clemson.edu. If you are outside of the Upstate South Carolina area, please use the
ORC’s toll-free number, 866-297-3071. The Clemson IRB will not be able to answer
some study-specific questions. However, you may contact the Clemson IRB if the
research staff cannot be reached or if you wish to speak with someone other than the
research staff.
If you have any study related questions or if any problems arise, please contact Wesley
Patterson at wgpatte@clemson.edu or Linda Ward at ldward@clemson.edu.
CONSENT
By participating in the study, you indicate that you have read the information written
above, been allowed to ask any questions, and you are voluntarily choosing to take part in
this research. You do not give up any legal rights by taking part in this research study.
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Email Invitation to Participate in a PA Program Survey
Initial Contact Full Email:
Subject Line: Genetics and Genomics Survey for PA Programs
Body Content:
Date: __________
Dear PA Program Director,
My name is Wesley Patterson. I am a genetics PA at the Greenwood Genetic Center and
a PhD candidate in the Healthcare Genetics PhD program at Clemson University. As part
of my dissertation work, I am conducting an online survey to study how genetics and
genomics are integrated into PA program curricula in the United States. The information
obtained from this study may be used to learn about the current state of PA genomic
education and to provide a gap analysis regarding what is versus what should be taught.
Findings could potentially inform genetics and genomics competencies for PAs.
You are invited to participate in the survey as a program director or faculty member at
your PA program. I ask that the survey be completed by the program director or a faculty
member familiar with the genetics-genomics content in the program.
This study has been assigned an exempt status by Clemson University’s Institutional
Review Board. Please note the survey is anonymous; all survey responses will be
combined for analysis and presentation of results. No information from individual PA
programs will be shared. The 25-question survey should take approximately 10-15
minutes to complete.
https://clemson.ca1.qualtrics.com/jfe/form/SV_da1PNQ8pO0lweuW
I am very grateful for your help in this endeavor! If you have questions regarding the
survey, please feel free to contact me at wgpatte@clemson.edu or my dissertation chair,
Dr. Linda Ward, at ldward@clemson.edu.

Best,
Wesley G. Patterson, PhD(c), MSPA, PA-C
Genetics Physician Assistant
PhD candidate – Healthcare Genetics Program
Clemson University School of Nursing
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Reminder to Complete Full Email:
Subject: Reminder: Genetics and Genomics Survey for PA Programs
Body Content:
Date: __________
Dear PA Program Director,
This is a reminder that you have been invited to participate in a student-led graduate
research study through the Clemson University Healthcare Genetics program. My name
is Wesley Patterson. I am a genetics PA at the Greenwood Genetic Center and a PhD
candidate in the Healthcare Genetics PhD program at Clemson University. As part of my
dissertation work, I am conducting an online survey to study how genetics and genomics
are integrated into PA program curricula in the United States. The information obtained
from this study may be used to learn about the current state of PA genomic education and
to provide a gap analysis regarding what is versus what should be taught. Findings could
potentially inform genetics and genomics competencies for PAs.
You are invited to participate in the survey as a program director or faculty member at
your PA program. I ask that the survey be completed by the program director or a faculty
member familiar with the genetics-genomics content in the program.
This study has been assigned an exempt status by Clemson University’s Institutional
Review Board. Please note the survey is anonymous; all survey responses will be
combined for analysis and presentation of results. No information from individual PA
programs will be shared. The 25-question survey should take approximately 10-15
minutes to complete.
https://clemson.ca1.qualtrics.com/jfe/form/SV_da1PNQ8pO0lweuW
I am very grateful for your help in this endeavor! If you have questions regarding the
survey, please feel free to contact me at wgpatte@clemson.edu or my dissertation chair,
Dr. Linda Ward, at ldward@clemson.edu.

Best,
Wesley G. Patterson, PhD(c), MSPA, PA-C
Genetics Physician Assistant
PhD candidate – Healthcare Genetics Program
Clemson University School of Nursing
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Survey Questions

See Appendix A: Supplementary Document 1. PA Program Survey Questions for survey
questions
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Appendix C
IRB Documents for Practicing PA Survey

Informed Consent
Information about Being in a Research Study
Clemson University
Genetics and Genomics in Physician Assistant Practice
KEY INFORMATION ABOUT THE RESEARCH STUDY
Wesley G. Patterson, PhD(c), MSPA, PA-C is inviting you to volunteer for a research
study. Wesley is a graduate student at Clemson University conducting the study with
Linda D. Ward, PhD, APN, FNP-C in the Clemson University School of Nursing.
Study Purpose: The purpose of this research is to learn about the current state of
genetics and genomics in PA practice. This study will gather information from practicing
PAs about their genetic and genomic knowledge, attitudes and application in practice.
Information obtained from this study may be useful in planning continuing medical
education for practicing PAs.
Voluntary Consent: Participation is voluntary and the only alternative is to not
participate.
Activities and Procedures: Your part in the study will be to complete a survey about
your genetics and genomics knowledge, attitudes and application in practice. The data
will be collected and stored in Qualtrics™.
Participation Time: It will take you about 10-15 minutes to be in this study.
Risks and Discomforts: We do not know of any risks or discomforts to you in this
research study.
Possible Benefits: The information obtained from this study may inform genetic and
genomic continuing medical education for practicing PAs.
EXCLUSION/INCLUSION REQUIREMENTS
All PAs who are members of a Constituent Organization (state chapters, specialty
organizations, special interest groups, and caucuses) of the American Academy of
Physician Assistants are eligible to participate.
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INCENTIVES
A drawing will be held at the closure of the survey for one of two $100 Amazon gift
cards. You will be entered for the drawing if you enter your name and email address at
the end of the survey.
PROTECTION OF PRIVACY AND CONFIDENTIALITY
The results of this study may be published in scientific journals, professional
publications, or educational presentations, but only de-identified, aggregate information
will be disseminated. You will be asked for your name and email address only if you
wish to participate in the drawing for the Amazon gift card. Every effort will be made by
the researcher to preserve your confidentiality. All responses will be de-identified prior to
analysis and your name will not be associated with your survey responses. Qualtrics will
store Internet Protocol addresses (IP addresses) in order to prevent you from completing
the survey twice but all IP addresses will be deleted from the dataset 30 days after
completion of the study.
CONTACT INFORMATION
If you have any questions or concerns about your rights in this research study, please
contact the Clemson University Office of Research Compliance (ORC) at 864-656-0636
or irb@clemson.edu. If you are outside of the Upstate South Carolina area, please use the
ORC’s toll-free number, 866-297-3071. The Clemson IRB will not be able to answer
some study-specific questions. However, you may contact the Clemson IRB if the
research staff cannot be reached or if you wish to speak with someone other than the
research staff.
If you have any study related questions or if any problems arise, please contact Wesley
Patterson at wgpatte@clemson.edu or Linda Ward at ldward@clemson.edu.
CONSENT
By participating in the study, you indicate that you have read the information written
above, been allowed to ask any questions, and you are voluntarily choosing to take part in
this research. You do not give up any legal rights by taking part in this research study.
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Email Invitation to Participate in a Practicing PA Survey
Initial Contact Full Email:
Subject Line: $100 Amazon Gift Card - Genetics and Genomics Survey for Practicing
PAs

Hello
My name is Wesley Patterson. I am a genetics PA at the Greenwood Genetic Center and
a PhD candidate in the Healthcare Genetics PhD program at Clemson University. As part
of my dissertation work, I am conducting an online survey to learn how genetics and
genomics are integrated into PA practice in the United States. This study will gather
information from practicing PAs about their genetic and genomic knowledge, attitudes,
and application in practice. Study findings will be useful in planning continuing medical
education for practicing PAs, both generally and targeted toward their specialty. AAPA
suggested that I distribute the survey via individual Constituent Organizations (CO).
I am asking leaders of AAPA COs to distribute the Invitation to Participate (see below)
to their membership by Tuesday, November 9, 2021. To avoid additional requests, kindly
advise me if you are able to comply.
Thank you very much!

Dear Fellow PAs,
My name is Wesley Patterson. I am a genetics PA at the Greenwood Genetic Center and
a PhD candidate in the Healthcare Genetics PhD program at Clemson University. As part
of my dissertation work, I am conducting an online survey to learn how genetics and
genomics are integrated into PA practice in the United States. This study will gather
information from practicing PAs about their genetic and genomic knowledge, attitudes
and application in practice. Information obtained from this study may be useful in
planning continuing medical education for practicing PAs.
As a practicing PA in the United States, you are invited to participate in the survey. A
drawing will be held at the closure of the survey for one of two $100 Amazon gift cards.
This study has been assigned an exempt status by Clemson University’s Institutional
Review Board (IRB2021-0796). Please note that all survey data are confidential. All
responses will be combined for analysis and dissemination of results and information
from individual PAs will not be shared. The 25-question survey should take
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approximately 10-15 minutes to complete. To complete the survey, please click on this
link:
https://clemson.ca1.qualtrics.com/jfe/form/SV_bdvnmdly50Ap69o
I am very grateful for your help in this endeavor! If you have questions regarding the
survey, please feel free to contact me at wgpatte@clemson.edu or my dissertation chair,
Dr. Linda Ward, at ldward@clemson.edu.

Best,
Wesley G. Patterson, PhD(c), MSPA, PA-C
Genetics Physician Assistant
PhD candidate – Healthcare Genetics Program
Clemson University School of Nursing

Wesley G. Patterson, PhD(c), MSPA, PA-C
Genetics Physician Assistant
106 Gregor Mendel Circle
Greenwood, SC 29646
Phone: 864-388-1051
Fax: 864-941-8114
wpatterson@ggc.org
www.ggc.org
This electronic mail and any files transmitted with it may be confidential and are intended solely for the use of individual or
entity to whom they are addressed. If you are not the intended recipient or the person responsible for delivering the electronic
mail to the intended recipient, be advised that you have received this electronic mail in error and that any use, dissemination,
forwarding, printing or copying of this electronic mail is strictly prohibited. If you have received this electronic mail in error,
please immediately notify this sender by replying to this message and deleting the material from any computer.
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AAPA Huddle Post to Participate in a Practicing PA Survey

Dear Fellow PAs,
My name is Wesley Patterson. I am a genetics PA at the Greenwood Genetic Center and
a PhD candidate in the Healthcare Genetics PhD program at Clemson University. As part
of my dissertation work, I am conducting an online survey to learn how genetics and
genomics are integrated into PA practice in the United States. This study will gather
information from practicing PAs about their genetic and genomic knowledge, attitudes
and application in practice. Information obtained from this study may be useful in
planning continuing medical education for practicing PAs.
As a practicing PA in the United States, you are invited to participate in the survey. A
drawing will be held at the closure of the survey for one of two $100 Amazon gift cards.
This study has been assigned an exempt status by Clemson University’s Institutional
Review Board (IRB2021-0796). Please note that all survey data are confidential. All
responses will be combined for analysis and dissemination of results and information
from individual PAs will not be shared. The 25-question survey should take
approximately 10-15 minutes to complete. To complete the survey, please click on this
link:
https://clemson.ca1.qualtrics.com/jfe/form/SV_bdvnmdly50Ap69o
I am very grateful for your help in this endeavor! If you have questions regarding the
survey, please feel free to contact me at wgpatte@clemson.edu or my dissertation chair,
Dr. Linda Ward, at ldward@clemson.edu.

Best,
Wesley G. Patterson, PhD(c), MSPA, PA-C
Genetics Physician Assistant
PhD candidate – Healthcare Genetics Program
Clemson University School of Nursing
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Survey Questions

Survey instrument may be available upon request.
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